AU-A032  137  DYNAMICS  RESEARCH  CORP  WILMINGTON  MASS  F/G  9/3 

MID-1980S  DIGITAL  AVIONICS  INFORMATION  SYSTEM  CONCEPTUAL  DESIGN— ETC (U) 
JUL  76  A J CZUCHRY*  H E ENGEL*  R DOWD  F33615-75-C-5218 

UNCLASSIFIED  AFHRL-TR-76-59  NL 


HD  A 0 82137 


AFHRL -TR-76-59 


mid-1980s  DIGITAL  AVIONICS  INFORMATION  SYSTEM 
CONCEPTUAL  DESIGN  CONFIGURATION 


Andrew  J.  Czuchry 
Herbert  E.  Engel 
Richard  Dowd 
Dynamics  Research  Corporation 
60  Concord  Street 
Wilmington,  Massachusetts 

H.  Anthony  Baran 
Duncan  Dieterly,  Major,  USAF 

ADVANCED  SYSTEMS  DIVISION 
Wright-Patterson  Air  Force  Base,  Ohio  45433 

Ron  Greene 

HEADQUARTERS  AIR  FORCE  LOGISTICS  COMMAND 
Wright-Patterson  Air  Force  Base,  Ohio  45433 


July  1976 

Final  Report  for  Period  May  1975  — March  1976 


Approved  for  public  release;  distribution  unlimited. 


NOV  17  197(5 


LABORATORY 


AIR  FORCE  SYSTEMS  COMMAND 

BROOKS  AIR  FORCE  BASE, TEXAS  78235 


NOTICE 


i ; 


When  US  Government  drawings,  specifications,  or  other  data  are  used 
for  any  purpose  other  than  a definitely  related  Government 
procurement  operation,  the  Government  thereby  incurs  no 
responsibility  nor  any  obligation  whatsoever,  and  the  fact  that  the 
Government  may  have  formulated,  furnished,  or  in  an>  way  supplied 
the  said  drawings,  specifications,  or  other  data  is  not  to  be  regarded  by 
implication  or  otherwise,  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights  or  permission  to 
manufacture,  use,  or  sell  any  patented  invention  that  may  in  any  way 
be  related  thereto. 

This  final  report  was  submitted  by  Dynamics  Research  Corporation,  60 
Concord  Street,  Wilmington,  Massachusetts  01887,  under  contract 
F33615-75-C-5218,  project  2051,  with  Advanced  Systems  Division,  Air 
Force  Human  Resources  Laboratory  (AFSC),  Wright-Patterson  Aii 
Force  Base,  Ohio  45433.  Mr.  H.  Anthony  Baran,  Personnel  and 
Training  Requirements  Branch,  was  the  contract  monitor. 

This  report  has  been  reviewed  and  cleared  for  open  publication  and/or 
public  release  by  the  appropriate  Office  of  Information  fOI)  in 
accordance  with  AFR  190-17  and  DoDD  5230.9.  There  is  no  objection 
to  unlimited  distribution  of  this  report  to  the  public  at  large,  or  by 
DDC  to  the  National  Technical  Information  Service  (NT1S). 

This  technical  report  has  been  reviewed  and  is  approved. 

GORDON  A.  ECKSTRAND,  Director 
Advanced  Systems  Division 


Approved  for  publication. 

DAN  D.  FULGHAM,  Colonel,  USAF 
Commander 


i __ ___ ..  ______  .jA 


SECURITY  CLASSIFICATION  of  THIS  PAGE  (When  Data  Enteted) 

q) REPORT  DOCUMENTATION  PAGE  beforeDcomple?.ngNkorm 

|2.  GOVT  ACCESSION  NO.  3 RECIPIENT'S  CATALOG  NUMBER 


« . , Tiii-EU-«»d  Sm*U  M •>  ^ 

JrtlD-198|)s  DIGITALAVIONICSJNFORMATION 
~ SYSTEM  TONCEPTUALPES1GN  CONFIGURATION 


Final 

May  075— Ma A »76> 


ERIOO  COVERED 


5.  REPORT  NUMBER 


H.  Anthony/Baran 
Tiieterly  > 


8.  CONTRACT  OR  GRANT  NUMBERS 


c / a 


9 PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 


Dynamics  Research  Corporation  v 

60  Concord  Street 

Wilmington,  Massachusetts  01887 

II.  CONTROLLING  OFFICE  NAME  ANO  ADORESS 

HQ  Air  Force  Human  Resources  Laboratory  (AFSC) 
Brooks  Air  Force  Base,  Texas  78235 


l«.  MONITORING  AGENCY  NAME  S ADORESSfU  d/Uefent  from  Conlrollini  OfficeJ 

Advanced  Systems  Division 

Air  Force  Human  Resources  Laboratory 

Wright-Patterson  Air  Force  Base,  Ohio  45433 


J F3361S-7S-C-52I8/ 

l l '-l 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  4 WORK  UNIT  NUMBERS 


63 243 F 
1 2051 500-01 


JulK  g)76  ) 

13.  NUMBE^.QP-a^g^'  ^ 

15.  SECURITY  CLAlTC*  (HI  Hiii  Up 


Unclassified 

15*.  DECLASSIFICATION  DOWNGRADING 
SCHEDULE 


16.  DISTRIBUTION  STATEMENT  (of  thi  s Report) 

Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (of  the  abstract  entered  In  Block  20,  If  different  from  Report) 


10.  SUPPLEMENTARY  NOTES 


The  research  reported  herein  was  sponsored  jointly  by  Air  Force  Human  Resources  Laboratory,  Air  Force  Avionics 
Laboratory,  and  Air  Force  Logistics  Command.  It  was  performed  and  funded  as  part  of  the  Digital  Avionics 
Information  System  Advanced  Development  Program. 


19.  KEY  WORDS  ( Continue  on  reverse  side  if  necessary  and  Identify  by  block  number) 


digital  avionics  information  system 
close  air  support  avionics 
avionics  conceptual  design  configuration 
1980s  close  air  support  avionics 


life  cycle  cost 
integrated  avionics  system 


20  jTMiXRACT  (Continue  on  reverse  side  If  necessary  and  Identify  by  block  number)  i 

'“The  research  reported  herein  is  part  tof  a larger  research  effort  entitled  Digital  Avionics  Information  System 
(DAIS)  Life  Cycle  Costing  (LCC)  Study.  The  objective  of  the  total  effort  is  to  provide  USAF  with  an  enhanced 
in-house  capability  to  incorporate  LCC  considerations  during  all  stages  of  the  weapon  systems  acquisition  process 
into  the  following  trade-off  areas,  avionics  design,  weapon  system  operation  and  maintenance,  and  planning  for 
manpower  utilization  and  training.  The  initial  application  of  the  results  of  the  study  will  be  to  assess  the  LCC  impact 
of  the  implementation  of  the  DAIS  in  the  mid-1980s  Close  Air  Support  (CAS)  weapon  system. 

The  research  reported  in  this  technical  report  was  performed  to  develop  two  conceptual  design  configurations. 
These  demonstrate  the  application  of  the  DAIS  concept  of  avionics  integration  in  the  avionics  suites  of  two  CAS. 


EDITION  OF  1 NOV  65  IS  OBSOLETE 


Unclassified 

SECURITY  CLASSIFICATION  OF  T Hi§  PAGE  (HTten  Beta  Entered) 


3$  ft  ^ 


K5L  I.  JUSSM 


Unclassified 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfHTian  £>*(•  Entered) 


Item  20  Continued: 

veapon  systems:  one  of  the  present  day  genre,  and  one  of  the  mid-1980s  time  frame.  They  will  serve  as  the  data 
baseline  for  the  remaining  tasks  of  the  DAIS  LCC  Study. 

This  report  presents  the  two  conceptual  design  configurations  representative  of  a current  and  a mid-1980s 
DAlS-configured  CAS  aircraft  avionics  suite.  They  are  specified  in  detail  sufficient  to  support  the  remaining  tasks  of 
the  DAIS  LCC  Study,  to  include:  maintenance  task  analyses;  the  development  of  realistic  acquisition,  operation,  and 
support  costs;  and  the  development  of  suitable  maintenance  manpower  training  techniques  and  criteria. 

The  report  describes  in  detail  the  six  major  subtasks  conducted  during  the  development  of  the  conceptual 
design  configurations:  (a)  the  definition  of  functional  requirements  for  the  CAS  mission;(b)  the  survey  of  avionics 
available  for  inclusion;  (c)  the  generation  of  a current  baseline  avionics  system;  (d)  the  partitioning  of  the  selected 
subsystems  to  effect  a current  DAIS  conceptual  design  configuration;  (e)  the  projection  of  technology  to  the  1980s 
era;  and  (f)  the  generation  of  a mid-1980s  DAIS  conceptual  design  configuration  based  upon  the  results  of  the 
technology  projection. 


\ 


k 


Unclassified 


security  classification  of  this  r>*.GE(Wh«n  Data  Entered) 


SUMMARY 


PROBLEM 

The  Digital  Avionics  Information  System  (DAIS)  seeks  to  demon- 
strate a solution  to  the  problem  of  proliferation  and  non-standardization 
of  aircraft  avionics.  Since  the  DAIS  concept  of  avionics  integration 
has  the  potential  to  produce  substantial  cost  benefits,  it  is  important 
to  assess  the  impact  of  operational  implementation  of  the  DAIS  on  the 
USAF  operational  and  logistics  support  system  in  terms  of  Life  Cycle 
Cost  (LCC).  To  this  end,  a DAIS  LCC  Study  was  undertaken.  The 
research  covered  by  this  technical  report  is  the  initial  portion  of  that 
overall  study  effort.  It  furnishes  the  means  to  develop  a data  base  for 
the  eventual  performance  of  an  analysis  of  the  potential  impact  of  DAIS 
on  weapon  system  acquisition,  operation,  and  maintenance.  The  re- 
mainder of  the  study  will  address  the  development  of  that  which  the 
Air  Force  yet  requires  to  perform  the  analysis.  The  fundamental 
objective  of  the  DAIS  LCC  Study  is  to  provide  the  Air  Force  with  an 
enhanced  in-house  capability  to  incorporate  LCC  considerations,  dur- 
ing all  stages  of  the  system  acquisition  process,  into  the  following 
tradeoff  areas:  system  design,  system  operation  and  maintenance, 
and  planning  for  manpower  utilization  and  training.  The  specific  appli- 
cation of  the  resultant  capability  will  be  to  evaluate  the  LCC  of  alterna- 
tive design  configurations  for  a DAIS-configured  Close  Air  Support 
(CAS)  aircraft.  The  objective  of  the  research  reported  here  was  to 
develop  conceptual  design  configurations  which  depict  possible  current 
and  future  representative  applications  of  the  DAIS  approach  to  avionics 
integration.  These  will  be  subsequently  used  to  develop  the  data  re- 
quired to  perform  the  remaining  tasks  in  the  DAIS  LCC  Study  and  in 
the  subsequent  DAIS  LCC  impact  analysis  itself. 

APPROACH 

The  approach  to  the  development  of  both  current  and  mid-1980s 
DAIS  design  configurations  was  structured  in  six  major  steps.  These 
are  outlined  below.  The  analyses  and  decisions  resulting  from  these 
six  steps  are  detailed  in  the  body  of  the  report. 

The  initial  step  required  a review  of  CAS  mission  requirements 
in  order  to  determine  the  functional  capabilities  to  be  included  in  a CAS 
aircraft.  This  was  accomplished  through  a review  of  both  Air  Force 
documents  as  well  as  contractor-generated  documents  that  resulted 
from  previous  DAIS  studies. 


The  second  step  necessitated  a survey  of  available  avionics. 
For  each  CAS  function,  the  equipments  being  used  on  various  Air 
Force  and  Navy  aircraft  for  identical  or  similar  purposes  were 
identified  and  detailed  technical  descriptive  data  was  gathered.  The 
equipments  being  assembled  for  the  DAIS  integrated  Test  Bed  were 
included  in  this  survey.  Information  on  the  many  equipments  came 
from  Government  technical  manuals  and  design  specifications  as  well 
as  manufacturers'  documentation  and  verbal  contacts  with  technical 
personnel  at  both  Air  Force  Systems  ProgramOffices  (SPO)  and  manu- 
facturers' engineering  groups.  This  data  was  transformed  into 
standardized  technical  description  packages  intended  to  be  used  as 
working  documents  throughout  the  DAIS  LCC  study  with  additional 
data  (reliability,  maintainability,  and  cost)  incorporated  at  the  appro- 
priate downstream  tasks.  Using  those  equipments  from  the  survey 
which  are  in  1975  operational  inventory,  a representative  selection 
was  integrated  into  a baseline,  current,  DAIS-configured  CAS  air- 
craft. To  arrive  at  this  baseline  each  of  the  selected  subsystems  was 
described  to  the  subassembly  level  and  then  partitioned  by 
functional  purpose  into  either  sensor,  computer,  or  control/display 
areas.  The  latter  two,  in  general,  were  then  configured  in  terms  of 
the  appropriate  DAIS  core  element  definitions.  Power  supplies  were 
identified,  as  appropriate,  for  eventual  inclusion  in  a central  DAIS 
power  bus. 

The  next  subtask  required  consideration  of  the  advancement 
in  technology  expected  to  be  operational  around  1985.  For  this,  the 
development  trends  in  each  of  the  major  technology  divisions  was 
examined  to  determine  either  a technology's  specific  direction  or  its 
expected  choices  of  direction.  Next,  the  development  time  frame  was 
considered  to  define  1985  availability  in  operational  inventory. 

The  final  subtask  required  a modification  of  equipments  chosen 
for  a CAS  aircraft  based  on  the  prior  technology  projections  and  1985 
expectations.  That  selection  was  then  appropriately  partitioned  and  a 
representative  mid-1980s  DAIS-configured  CAS  avionics  suite  derived. 


RESULTS  AND  CONCLUSIONS 

Conceptual  design  configurations  representative  of  a current 
and  a Mid-1980s  DAIS-configured  CAS  aircraft  have  been  developed. 
They  are  specified  in  sufficient  detail  to  allow  the  performance  of 
maintenance  task  analyses,  the  development  of  realistic  acquisition, 
operation  and  support  costs,  the  development  of  suitable  maintenance 
manpower  training  techniques  and  criteria.  The  avionics  STibsystems 
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were  treated  as  modules.  The  resulting  design  configurations  re- 
flect this  and  are  structured  accordingly  to  facilitate  the  conduct  of 
tradeoff  analyses  upon  completion  of  the  remaining  portions  of  the 
DAIS  LCC  Study. 
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This  technical  report  is  the  first  of  a series  of  reports  under 
contract  No.  F33615-75-R-5218,  "DAIS  Life  Cycle  Costing  Study" 
which,  in  combination  with  present  Air  Force  capabilities,  will  pro- 
vide the  means  to  assess  the  life  cycle  cost  (LCC)  impact  of  opera- 
tional implementation  of  the  Digital  Avionics  Information  System 
(DAIS).  J 


The  study  was  directed  by  the  Advanced  Systems  Division, 

Air  Force  Human  Resources  Laboratory.  Wright- Patterson  Air  Force 
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is  jointly  sponsored  by  the  Air  Force  Human  Resources  Laboratory, 
Air  Force  Avionics  Laboratory,  and  Air  Force  Logistics  Command. 
Contract  funds  were  provided  by  the  Air  Force  Avionics  Laboratory. 
The  DAIS  Program  Manager  was  Maj.  John  G.  Weber.  The  DAIS 
Chief  Engineer  was  Mr.  Frank  Scarpino.  The  Air  Force  Human 
Resources  Laboratory  Project  Scientist  was  Maj.  Duncan  L.  Dieterly. 
The  Air  Force  Logistics  Command  Project  Officer  was  Mr.  Ron 
Greene.  The  latter  two  are  DAIS  Deputy  Directors. 

This  research  effort  is  documented  under  Work  Unit  20510001, 
DAIS  Life  Cycle  Costing  Study".  Mr.  H.  Anthony  Bar  an  was  the 
Work  Unit  Scientist  and  Air  Force  Contract  Monitor.  The  contractor 
Program  Manager  was  Mr.  Herbert  E.  Engel. 

The  authors  wish  to  extend  their  appreciation  to  the  many 
people  within  the  Government  and  private  industry  who  contributed 
their  time  and  expertise  throughout  the  course  of  this  research.  Too 
numerous  to  mention  by  name,  it  must  be  sufficient  to  note  that  con- 
siderable assistance  was  rendered  by:  The  DAIS  engineering  staff, 
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1.  INTRODUCTION 


BACKGROUND 

The  designer  of  military  avionics  systems  has  been  confronted 
with  an  extremely  difficult  task  in  recent  years.  Rapid  advances  in 
technology  have  placed  an  increasing  premium  on  both  capability  and 
flexibility.  Simultaneously,  cost  pressures  from  increased  system 
complexity,  higher  maintenance  expense,  and  general  economic  in- 
flation have  forced  the  designer  to  address  the  total  cost  of  ownership 
in  avionic  systems.  Historically,  the  mission  information  require- 
ments have  been  established  along  essentially  autonomous  subsystem 
areas.  Human  resources  and  training  requirements  were  often  con- 
sidered after  the  fact.  The  result  was  a proliferation  of  non-standard 
avionics  equipment,  and  a design  process  that  failed  to  minimize  Life 
Cycle  Cost  (LCC). 

THE  DIGITAL  AVIONICS  INFORMATION  SYSTEM 

The  Digital  Avionics  Information  System  (DAIS)  seeks  to 
demonstrate  a solution  to  the  problem  of  proliferation  and  non- 
standardization of  aircraft  avionics.  The  DAIS  concept  has  the 
potential  of  bringing  substantial  benefits  to  system  reliability  and 
cost  because  it  gives;  (1)  an  ability  to  modify  software  to  meet  new 
requirements,  (2)  the  potential  for  improved  reliability  through  the 
planned  use  of  redundancy  at  subsystem,  equipment,  and  component 
levels,  (3)  opportunity  for  adding  new  sensors  and  capabilities  to  the 
system  without  rewiring  the  aircraft,  and  (4)  an  effective  means  for 
using  modular  or  common  equipment  design  on  different  types  of 
aircraft. 

To  capitalize  on  this  potential  the  U.S.  Air  Force  (USAF) 
established  in  July  1973  a DAIS  Advanced  Development  Program 
(DAIS  ADP).  The  Air  Force  Avionics  Laboratory  (A.FAL)  is  the  lead 
agency  and  is  coordinating  the  efforts  of  AFAL,  the  Aeronautical 
Systems  Division,  the  Aerospace  Medical  Research  Laboratory,  the 
Air  Force  Flight  Dynamics  Laboratory,  the  Air  Force  Atlantic  Test 
Center,  Rome  Air  Development  Center,  the  Air  Force  Logistics 
Command,  and  the  Air  Force  Human  Resources  Laboratory.  Their 
objectives  are  to  demonstrate  the  DAIS  concept  on  a functional  basis 
and  to  develop:  (1)  an  in-house  cadre  of  skilled  personnel  who  can 
perform  preliminary  design  and  prepare  specifications;  and 
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(2)  standards  and  techniques  for  the  four  common  or  core  elements 
of  all  avionics  systems,  namely,  multiplex,  processors,  control  and 
displays,  and  software.  To  advance  the  time  and  degree  of  DAIS 
concept  implementation,  a DAIS  Integrated  Test  Bed  and  Software 
Test  Stand  have  been  planned. 

The  configuration  selected  by  AFAL  for  development  consists 
of  several  identical  processors  communicating  with  one  another  and 
the  other  items  of  the  system  via  a time-division  multiplex  line  in  a 
so-called  federated  configuration.  Individual  Line  Replaceable  Units 
(LRU)  called  Bus  Control  Interface  Units  connect  the  processors  to 
the  multiplex  line.  Individual  LRUs  called  Remote  Terminal  Units 
connect  the  sensors  to  the  multiplex  bus.  The  multiplex  lines,  the 
Bus  Control  Interface  Units,  and  the  Remote  Terminal  Units  constitute 
the  multiplex  core  element.  A group  of  units  such  as  displays,  key- 
boards, etc.,  constitute  the  Controls  and  Displays  core  element.  The 
programs  of  the  software  core  element  are  loaded  into  the  individual 
processors  via  the  on-board  storage  unit. 

The  DAIS  effort  recognizes  that  the  software  element  plays  a 
key  integrating  role  with  a significant  potential  impact  on  life  cycle 
costs.  Current  Air  Force  software  expenditures  exceed  computer 
hardware  expenditures  and  have,  therefore,  supplied  one  of  the 
motivations  for  the  development  of  the  DAIS  system. 

DAIS  Mission  Software  uses  a higher  order  language  (JOVIAL) 
which  will  have  a beneficial  cost-effective  impact  on  development  and 
maintenance  of  the  software.  A highly  modular  architecture  is  used  so 
that  minimal  reprogramming  results  from  any  mission -to -mission  re- 
configuring. Furthermore,  these  software  modules  can  be  changed  as 
readily  as  the  hardware  with  its  plug-in/plug-out  design  concept. 

I 

THE  DAIS  LIFE  CYCLE  COST  MODELING  SYSTEM 

LCC  analysis  is  a significant  element  in  the  DAIS  program. 
Recognition  of  its  importance  led  to  a previous  LCC  Analysis  effort 
[19]  performed  by  the  ARINC  Research  Corporation  in  which  an  initial 
estimate  was  made  of  relative  costs  and  cost  savings  provided  by  DAIS. 

Historically,  the  life  cycle  of  a system  has  been  viewed  as  being 
comprised  of  a series  of  distinct  phases  of  activity.  These  phases  were 
defined  in  relation  to  distinct  changes  in  the  patterns  of  activity  engaged 
in  by  people  associated  with  the  system.  Each  phase  (Conceptual, 
Development,  Acquisition,  Operation  and  Maintenance,  and  Salvage) 
was  regarded  as  distinct  and  almost  mutually  exclusive  and  capable 
of  being  dealt  with  independently.  Unfortunately,  the  original  reasons 
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for  establishing  such  a structure  (acquisition  management,  funding 
allocation,  cost  accounting,  etc. ) have  in  recent  years  changed  in 
emphasis.  New  driving  factors  such  as  manpower  availability,  train- 
ing requirements,  and  severe  budgetary  constraints  strongly  indicate 
the  need  for  determining  the  interrelationship  of  factors  both  within 
and  across  these  phases.  Today  the  systems  planner  needs  the  ability 
to  determine  what  effect  changing  a factor  within  one  phase  will  have 
on  other  phases,  as  well  as  the  effects  of  changing  a factor  within  a 
phase. 


Over  the  years,  several  facts  related  to  systems  acquisition 
have  become  increasingly  clear:  (1)  the  increasing  complexity  of 
mission  requirements  has  resulted  in  a need  for  an  ever-increasing 
use  of  new  technology,  (2)  the  resources  necessary  to  implement  new 
technology  and  to  support  the  resulting  systems  are  dramatically  in- 
creasing, (3)  budget  constraints  and  manpower  limitations  dictate  a 
critical  need  for  obtaining  required  operational  capability  with  mini- 
mum resource  expenditure,  (4)  acquisition  costs  represent  only  a 
portion  of  the  total  system  LCC,  and  (5)  decisions  made  early  in  the 
conceptual  phase  have  the  greatest  effect  in  reducing  LCC.  In  the 
past,  LCC  has  been  used  primarily  to  track  or  predict  operation  and 
maintenance  costs.  Cost  reductions  have  been  effected  by  selecting 
logistic  actions  which  minimize  costs  once  a system  has  been  ac- 
quired. However,  the  potential  to  reduce  LCC  is  most  pronounced  in 
the  conceptual  phase.  It  appears  reasonable  then  that  LCC  considera- 
tions should  be  introduced  during  the  conceptual  phase  of  the  acquisi- 
tion process. 

The  fundamental  objective  of  the  DAIS  LCC  study  is  to  provide 
the  USAF  with  an  enhanced  in-house  capability  to  incorporate  LCC 
considerations  into  avionics  design,  planning  of  training,  and  operation 
and  maintenance  at  all  st  ges  of  the  weapon  system  acquisition  pro- 
cess. In  particular,  it  will  provide  a capability  to  evaluate  the  LCC 
of  alternative  design  configurations  for  a mid-1980s  DAlS-configured 
Close  Air  Support  (CAS)  aircraft.  Design  of  the  LCC  Modeling  System 
has  been  structured  in  terms  of  five  major  interrelated  tasks.  An 
overview  of  the  study  is  shown  in  Figure  1.  The  first  step  consisted 
of  developing  representative  Conceptual  Design  Configurations 
(described  in  detail  in  this  report)  to  serve  as  the  baseline  configura- 
tions for  the  remaining  tasks  in  the  study. 

Based  on  the  Conceptual  Design  Configurations,  Maintenance 
Task  Analyses  will  be  conducted  to  establish  the  parameter  values  that 
describe  the  individual  tasks  required  to  maintain  the  equipment  com- 
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prising  the  designs.  Reliability  data  will  also  be  developed.  The 
results  of  these  efforts  will  be  in  the  form  of  computerized  data 
banks. 

The  Reliability  and  Maintainability  (R&M)  Model  assists  the 
user  in  introducing  perturbations  from  the  nominal  values  to  conduct 
sensitivity  analyses.  Functional  relationships  between  characteristics 
of  the  equipment  design,  manpower  capabilities,  the  logistics  system, 
and  consequent  R&M  will  provide  a vehicle  for  influencing  design 
during  the  conceptual  phase  of  the  acquisition  process. 

The  operations  and  support  (O&S)  portion  of  LCC  is  computed 
through  an  adaptation  of  an  existing  Logistics  Support  Cost  (LSC) 
Model.  The  equations  defining  O&S  cost  elements  are  modified  to 
account  for  the  configuration  and  new  capabilities  associated  with 
DAIS. 


The  Maintenance  Task  Analysis  also  serves  as  a forcing 
function  on  the  development  of  the  DAIS  Training  Model  since  the 
former  specifies  the  skill  requirements.  The  DAIS  Training  Model 
will  allow  the  investigation  of  alternative  methods  of  achieving  the 
required  skills  (formal  training  vs.  on-the-job  training  (OJT), 
different  media  and  training  aids,  etc. ).  Costs  associated  with  these 
different  alternatives  are  among  the  inputs  to  the  Training  Data  Bank. 

Acquisition  costs  for  both  the  current  and  mid-1980s  design 
are  established  through  projections  provided  by  appropriate  cost 
estimating  relationships  (CER).  The  overall  LCC  Model  is  generated 
through  the  integration  of  models  and  data  banks  designed  to  provide 
the  appropriate  cost  components  for  the  system  LCC.  The  resulting 
modular  modeling  system  and  associated  data  banks  will  be  com- 
patible with  the  Air  Force  Human  Resources  Laboratory  (AFHRL) 
Maintenance  Manpower  Modeling  System  (MMMS)  which  calculates 
resources  consumed  during  simulated  maintenance  operations  under 
specified  conditions. 

Since  data  banks  related  to  the  DAIS  Conceptual  Design  Config- 
urations will  be  provided,  they  will  be  used  in  conjunction  with  the  LCC 
Modeling  System  to  develop  LCC  and  training  requirements.  The  LCC 
modeling  system  is  modular  and  its  design  is  general  enough  that  other 
aircraft  subsystems  may  be  investigated  as  well.  Thus,  it  can  serve 
as  a vehicle  for  the  study  of  alternatives  in  the  area  of  design,  train- 
ing, and  maintenance  concepts  for  other  system  applications  as  well 
as  DAIS. 
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CONCEPTUAL  DESIGN  CONFIGURATION  STUDY 

The  Conceptual  Design  Configuration  Study  has  been  structured 
in  six  major  steps.  The  details  are  provided  in  Sections  2 through  5 
of  this  report.  An  overview  of  the  study  and  the  relationship  of  these 
efforts  is  shown  in  Figure  2.  The  starting  point  for  the  effort  was  the 
CAS  Mission  Requirements.  These  were  available  from  Air  Force 
sources  as  well  as  from  previous  relevant  work  that  had  been  done  on 
the  DAIS  program.  The  CAS  mission  requirements  define  the  types 
of  targets  encountered  and  types  of  weapons  to  be  used.  By  means  of 
a functional  analysis,  these  requirements  are  translated  into  the 
functional  needs  to  be  satisfied  by  the  aircraft  avionics.  These  include 
navigation,  communications,  countermeasures,  air-ground  attack, 
control  & display. 

The  next  step  was  to  survey  the  current  military  avionics  in- 
ventory in  order  to  develop  a baseline  design.  Since  the  F-15,  A- 10 
and  the  A-7D  avionics  are  functionally  related  to  those  of  a CAS  air- 
craft, they  were  considered  first.  To  complete  the  total  matrix  of 
candidate  equipments  that  meet  the  functional  requirements  for  the 
CAS  avionics  suite  other  aircraft  were  studied;  i.  e. , F-14,  F-lll, 
and  A- 7E. 

Through  applications  of  appropriate  selection  criteria  to  the 
total  matrix  of  candidate  equipments,  a set  of  subsystems  was 
selected  as  the  most  appropriate  for  the  current  DAIS  Conceptual 
Design  Configuration.  This  set  was  then  partitioned  into  sensor  and 
core  element  sections  based  on  the  functions  provided  by  the  compo- 
nent subassemblies  comprising  each  LRU.  The  resulting  product  is 
a conceptual  design  configuration  representative  of  current  tech- 
nology but  configured  into  sensor  and  core  element  sections  in 
accordance  with  the  DAIS  concept. 


To  develop  the  Mid-1980s  DAIS  Conceptual  Design  Configura- 
tion, a technology  projection  was  made  so  that  new  equipments  and 
technology  available  in  that  time  period  could  be  incorporated.  Each 
sensor  and  core  element  area  was  studied  separately  to  identify  the 
likely  technology  advances.  A realistic  estimate  of  what  might  exist 
as  a DAIS  design  in  the  Mid-1980s  was  then  generated  by  combining 
equipment  that  can  be  expected  to  undergo  technological  change  with 
that  which  is  expected  to  remain  the  same  during  the  time  period  in 
question.  These  were  then  partitioned  into  sensor  and  core  elements 
to  generate  the  Mid-1980s  DAIS  Conceptual  Design  Configuration. 
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The  DAIS  Conceptual  Design  Configurations  described  in  detail 
in  the  following  sections  are  representative  of  the  avionics  suites  for 
both  current  and  1980s  DAIS -configured  aircraft.  The  current  con- 
figuration is  representative  of  the  technology  in  the  present  day  in- 
ventory, while  the  mid-1980s  configuration  incorporates  advanced 
technology  projections.  These  configurations  will  later  be  used  as 
the  basis  for  LCC  comparisons.  They  will  serve  as  vehicles  for  con- 
ducting meaningful  maintenance  task  analyses  for  adapting  R&M,  train- 
ing, and  LCC  models  to  achieve  the  overall  objectives  of  the  DAIS 
LCC  Study. 


II.  FUNCTIONAL  REQUIREMENTS 
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INTRODUCTION 

The  types,  quantity,  and  capability  of  the  required  avionics 
derive  from  the  characteristics  of  the  CAS  mission  and  the  environ- 
ment in  which  that  mission  is  to  be  carried  out.  Previous  work  by  the 
USAF  as  well  as  contractors  has  studied  various  aspects  of  this 
mission  scenario.  This  section  first  contains  a review  and  analysis 
of  this  work  to  define  the  CAS  mission  requirements.  Finally,  the 
results  of  the  engineering  analyses  are  presented.  From  this  analy- 
sis a selection  of  functional  avionics  was  made. 


TYPES  OF  MISSIONS 

Three  types  of  missions  have  been  identified  for  the  current 
CAS  aircraft.  Of  these,  the  primary  mission  is  to  support  the  opera- 
tions of  friendly  ground  forces  by  attacking  enemy  troops  and  ground 
equipment.  The  latter  may  involve  enemy  lines  of  communication  and 
transportation,  material,  air  capability  on  the  ground  (aircraft  as 
well  as  hangars  and  runways),  and  ground  counter-air  activities  in  the 
form  of  anti-aircraft  batteries,  surface-to-air  missiles,  radars,  etc. 

The  mission  is  normally  conducted  under  the  control  of  a for- 
ward air  controller  (FAC)  who  has  been  located  in  the  vicinity  of  the 
forward  edge  of  the  battle  area.  The  FAC  designates  the  targets  to  be 
attacked.  He  will  also  specify  the  tactics  and  timing  to  be  used  in  the 
attack.  A mission  profile  characteristic  of  this  mission  is  shown  in 
Figure  3.  Depending  on  the  battle  situation,  the  aircraft  may  be  re- 
quired to  fly  up  to  5 or  6 sorties  of  this  type  in  a single  day. 

A second  type  of  mission  is  the  pre-planned  attack  against 
heavily  defended  targets.  While  not  capable  of  carrying  out  a long 
range  interdiction  mission,  the  CAS  aircraft  is  required  to  cany  out 
short  range  interdiction  missions  against  enemy  material  and  com- 
munication lines  up  to  100  miles  inside  enemy  territory.  Other  re- 
quirements of  this  mission  are  that  the  aircraft  be  capable  of  destroy- 
ing enemy  air  capability  on  the  ground  as  wel  1 as  the  destruction  or 
neutralization  of  the  sensors  and  weapons  involved  in  counter  air 
activities.  A typical  profile  for  this  type  of  mission  is  shown  in 
Figure  4. 
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PURPOSE 

DESTROY  DESIGNATED  TARGETS 
IN  IMMEDIATE  SUPPORT  OF 
GROUND  FORCE  OPERATIONS 


N /\v 

MISSION 

SEGMENT 

PRIMARY  MISSION  FUNCTIONS 

I 

SCRAMBLE  TAKEOFF 

2 

CLIMB 

3 

CRUISE  TO  DESIGNATED  AREA  (FEBA) 

4 

LOITER  ON  STATION 

- COORDINATE  WITH  FORWARD  AIR  CONTROLLER  (FAC) 

S 

DETECT  AND  IDENTIFY  TARGETS 

6 

DELIVER  WEAPONS  (GUNS,  BOMBS.  AIR/GROUND  MISSILES) 

- MULTIPLE  PASSES,  IF  REQUIRED 

7 

RECOVER  TO  BASE 

8 

RELOAD,  REFUEL,  TAKEOFF  ON  NEXT  SORTIE 

FIGURE  3 CLOSE  AIR  SUPPORT  OF  FRIENDLY  GROUND  FORCES 


FIGURE  4 PRE-PLANNED  ATTACK  AGAINST 
HEAVILY  DEFENDED  TARGETS 
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The  third  mission  type  required  of  the  CAS  aircraft  is  that  of  a 
quick  reaction  attack  against  short  life  targets  and  targets  of  oppor- 
tunity. Typical  targets  associated  with  this  type  of  mission  are  mobile 
artillery  and  troops  moving  along  trails  or  crossing  rivers.  Because 
such  troop  movements  typically  occur  under  cover  of  darkness,  this 
type  of  mission  is  often  carried  out  at  night.  A major  problem  is  the 
detection  and  acquisition  of  these  targets.  In  many  cases  this  will  be 
enhanced  by  verbal  directions  received  from  a ground  observer.  In 
general,  however,  target  detection  will  depend  on  the  ability  of  the 
pilot  to  see  the  target  directly  or  on  the  displays  of  the  radar  or 
electro-optical  sensors.  The  mission  characteristics  are  shown  in 
Figure  5. 

The  weapons  complement  for  the  CAS  airplane  will  include  a 
gun,  conventional  munitions,  electro-optical  and  laser  guided 
weapons,  and  infrared  homing  air-to-air  missiles.  The  types  and 
quantities  of  weapons  will  vary  from  sortie  to  sortie  depending  on  the 
specific  mission  objectives.  A typical  CAS  airplane  will  be  capable  of 
carrying  up  to  16,  000  pounds  of  fixed  ordnance  using  both  internal  and 
external  carriage. 

THE  MISSION  ENVIRONMENT 


The  CAS  airplane  may  be  required  to  operate  anywhere  in  the 
world,  as  needed,  to  support  the  operations  of  our  ground  forces  or 
those  of  our  allies.  During  wartime,  it  will  often  be  required  to  oper- 
ate out  of  forward  austere  air  bases.  In  many  cases,  these  forward 
bases  will  have  short  (less  than  5,  0U0  feet)  unimproved  runways,  a 
minimum  of  logistics,  maintenance  support  facilities,  and  ground 
based  landing  aids.  During  peak  activities,  the  CAS  airplane  will  be 
required  to  fly  up  to  5 or  6 sorties  per  day. 

Often  ground  force  operations  take  advantage  of  darkness  and 
bad  weather  to. conceal  troop  and  equipment  movements.  Thus,  the 
CAS  aircraft  will  require  an  all-weather,  day /night  ability  to  perform 
its  mission. 

The  active  enemy  defenses  may  include  a variety  of  anti  air- 
craft artillary  (AAA)  and  surface-to-air  missiles  (SA.\!)  such  as  the 
SA-2,  SA-3,  and  SA-6.  The  CAS  aircraft  can  anticipate  encountering 
high  performance  enemy  interceptor  aircraft  with  guns  and  air/air 
missiles.  When  flying  at  low  altitudes.it  may  be  subjected  to  concen- 
trated small  arms  fire  and  shoulder -launched  rockets.  Another 
possible  threat  in  the  mid-1980s  era  is  that  of  laser  weapons. 
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Radars  which  provide  the  enemy  with  a detection  and  tracking 
capability  will  include  long  range  detection  radars,  AAA  direction 
radars,  SAM  director  radars,  and  ground-controlled  intercept  (GCI) 
radars. 

Using  either  or  both  ground-installed  and  airborne  equipment 
the  enemy  will  use  an  electronic  countermeasures  (ECM)  capability 
against  the  CAS  aircraft.  Active  jammers  will  operate  in  the  most 
commonly  used  portions  of  the  electromagnetic  spectrum. 
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REQUIRED  CAS  FUNCTIONS 
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In  this  section  we  discuss  the  requirements  and  the  rational' 
for  selecting  or  excluding  specific  types  of  implementations  associated 
with  the  major  avionic  functions  of  navigation,  communication, 
countermeasures,  air-ground  attack,  controls  and  displays,  electrical 
power  management,  and  central  integrated  test. 
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Navigation 

The  navigation  function  requires  the  computation  of  the  basic 
navigational  parameters;  i.  e. , position,  heading,  and  velocity.  These 
are  provided  for  display  to  the  aircrew  and  are  also  outputted  to  other 
subsystems  for  reference  use  in  other  computations. 

Accurate  position  data  is  required  for  initial  target  acquisition, 
for  bombing  on  coordinates,  as  well  as  bombing  following  a period  of 
blind  navigation.  Accurate  weapon  delivery  also  requires  velocity  of 
the  order  of  one  to  two  feet  per  second. 

A conventional  four-gimbal  all-attitude  inertial  system  using 
a true  airspeed  velocity  reference  has  been  chosen  as  the  primary 
source  of  navigation.  Currently  available  systems  of  this  type  provide 
accuracies  better  than  one-half  mile  per  hour,  circular  error 
probability  (CEP).  They  are  also  totally  insensitive  to  enemy 
electronic  countermeasure  (ECM). 

Since  one  of  the  CAS  mission  types  involves  fast  reactions 
against  short  life  targefs,  occasions  will  arise  when  scramble  take- 
offs will  be  required  with  little  time  available  for  alignment.  It  is 
imperative,  therefore,  that  the  navigation  alignment  modes  provide 
(a)  intlight  align,  (b)  rapid  ground  align  to  a stored  heading,  as  well 
as  (c)  the  normal  gyrocompassing  alignment  mode. 

In  the  event  of  failure  of  the  primary  inertial  system,  true 
airspeed  dead  reckoning  will  be  required.  In  the  dead  reckoning 
mode,  a heading  attitude  reference  system  (EARS)  will  be  required. 
This  function  is  provided  as  a normal  submode  in  most  inertial 
navigation  systems. 

The  CAS  aircraft  will  require  an  air  data  system  consisting 
of  pressure  and  temperature  sensors,  conversion  electronics,  and 
central  air  data  computations.  The  central  air  data  computations 
provide  for  outputting  air  data  quantities  such  as  Mach  number, 
pressure  density,  angle  of  attack,  and  true  and  indicated  airspeeds. 
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Navigation  within  the  Air  Traffic  Control  System  of  the  US  as 
well  as  other  International  Civil  Aviation  Organization  (ICAO) 
countries  will  require  various  radio  navigation  aids.  These  will 
include  tactical  air  navigation  (TACAN),  ultra  high  frequency  - 
automatic  direction  finder  (UIIF-ADF),  and  a beacon  transponder. 
Localizer  and  glide  slope  deviation  and  steering  command  signals 
wilt  be  computed  in  an  instrument  landing  system  (ILS).  Radar 
altimeter  will  be  required  for  letdowns  in  bad  weather,  calibration 
of  system  altitude,  and  as  an  altitude  source  for  bombing. 


Selection  Rationale 

The  primary  subsystem  selected  for  the  navigation  functions 
was  the  inertial  measurement  set  (IMS).  This  subsystem  was 
selected  because  it  is  the  one  avionics  subsystem  that  can  accurately 
supply  outputs  to  perform  the  largest  number  of  the  required  CAS 
mission  functions  during  all  conditions  (day/night,  fair/adverse 
weather),  while  operating  totally  self-contained  (does  not  radiate 
and  cannot  be  jammed).  In  addition,  it  has  backup  mode  outputs  of 
attitude  and  heading  for  partial  use  as  a navigator  in  the  event  of  a 
primary  IMS  failure. 

A second  navigation  subsystem  is  the  air  data  computer  (ADC) 
which  is  included  for  several  reasons.  It  is  the  only  accurate  means 
of  providing  any  altitude  information  at  altitudes  of  5,  000  feet  or  more 
above  the  terrain.  It  is  a primary  source  of  airspeed  which,  when 
combined  with  inserted  wind  speed  and  direction  and  used  in  con- 
junction with  the  attitude  and  heading  mode  of  the  IMS,  can  function 
as  a backup  source  of  resolved  velocity  for  updating  present  position 
computations.  The  ADC  is  also  an  accurate  source  of  air-stabilized 
aircraft  data  such  as  Mach  number,  angle  of  attack,  and  impact 
pressure  necessary  for  weapon  delivery  and  limiting  functions 
(i.  e. , rudder  and  stabilizer  limits)  for  the  flight  control  system. 

A radar  altimeter  was  included  to  provide  an  accurate  source 
of  altitude  above  the  terrain  (to  a maximum  of  5,  000  feet)  during  bad 
weather  approaches  for  landing  or  for  terrain  following  during 
bombing  runs.  As  a further  aid  in  landing  during  foul  weather 
conditions,  an  instrument  landing  system  (ILS)  was  included  to 
provide  localizer  and  glide  slope  deviation  as  well  as  steering 
commands. 
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To  extend  the  range  of  friendly  interrogating  (shipboard  or 
landbased)  radar  sets,  and  thus  facilitate  the  location  of  the  CAS  air- 
craft position  relative  to  the  point  of  interrogation,  a radar  beacon 
was  included.  This  beacon  will  function  in  both  coded  and  uncoded 
modes. 


The  basic  navigation  functions  described  above  will  be  supple- 
mented and  enhanced  by  inputs  from  TACAN  and  UHF-ADF  systems. 
The  UHF  transceiver  is  the  primary  line-of-sight  communcation  link 
for  the  Air  Force  and  when  coupled  with  an  ADF  antenna  provides 
bearing  information  to  selected  UHF  transmitters.  A TACAN 
system  enables  the  CAS  aircraft  to  obtain  bearing  and  distance 
information  to  shipboard  and  landbased  (portable  or  permanent) 

TACAN  stations. 

Exclusion  Rationale 

In  arriving  at  the  above  complement  of  CAS  navigation  system 
functions,  numerous  others  were  considered  and  eliminated.  The 
following  is  a brief  explanation  of  the  reasons  for  these  decisions. 

Navigation  satellite  Systems  and  the  OMEGA  System  were 
eliminated  because  their  state  of  development,  with  respect  to  the 
evolution  of  production  airborne  units,  places  them  in  a status  which 
could  not  be  considered  operational  for  a current  CAS  aircraft. 

Long  range  navigation  (LORAN)  was  eliminated  due  to  the 
relative  applicability  and  processing  load  where  TACAN  and  UHF- 
ADF  remain  to  provide  alternate  means  of  long  range  navigation 
and  a laser  target  seeker  is  available  for  precision  navigation  to 
designated  targets. 

Doppler  radar  was  omitted  because  current  inertial  measure- 
ment systems  (IMS)  are  sufficiently  accurate  to  fulfill  the  primary 
navigation  requirements  without  Doppler  damping.  They  can  also 
supply  accurate  attitude  information.  An  additional  consideration  was 
that  backup  navigation  can  be  accomplished  using  the  ADC. 

A heading  and  attitude  reference  system  (I1ARS)  was  eliminated 
in  favor  of  an  IMS  with  a HARS  backup  mode  capability,  in  the  interest 
of  saving  weight,  space,  and  electronic  hardware. 
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Communication 


The  communication  system's  principal  function  is  to  provide 
coordination  and  information  transfer  between  the  aircraft  and  other 
operating  units.  This  information  transfer  may  be  air-to-air  com- 
munication between  aircraft  or  air-to-ground  and  ground-to-air 
communication  between  own  aircraft  and  home  base,  operational 
control  centers  and  other  ground  stations  for  tactical  coordination. 

The  primary  purpose  of  these  communications  with  the  CAS  aircraft 
is  to  permit  central  control  of  tactical  forces  and  weapons  in  near 
real-time  for  any  tactical  situation.  The  near  real-time  nature  of 
the  communications  enables  the  controller  to  appraise  the  tactical 
situation,  make  timely  operational  decisions,  evaluate  the  effect  of 
actual  operations,  evaluate  the  probable  effect  of  proposed  opera- 
tions, develop  new  operational  plans,  and  disseminate  timely 
decisions. 

The  information  to  accomplish  these  functions  will  be  trans- 
mitted either  by  voice  in  a normal  or  secure  mode  or  by  digital  data 
transfer  in  a normal  or  coded  format. 

Selection  Rationale 

To  fulfill  the  above  functions  and  transmit /receive  in  each 
of  the  required  frequencies  and  formats,  several  types  of  communica- 
tion systems  are  required.  The  Air  Force  and  Navy  both  use  the  UHF 
transceiver  as  their  primary  line-of-sight  communications  link. 
Therefore,  a UHF  system  was  selected  for  the  current  PAIS  CAS 
aircraft  to  be  used  for  air-to-air  voice  communication,  data  link, 
relay  link,  and  air-to-ground  voice  communication  with  control 
centers. 

A high  frequency  (HF)  radio  was  selected  for  the  long-range 
(up  to  5,  000  miles),  over-the-horizon  communication.  It  allows  for 
both  air-to-air  and  air-to-ground  voice  communication. 

The  Army  normally  uses  the  frequency  modulation  (FIU)  band 
for  their  communication  and,  therefore,  the  CAS  aircraft  has  a very 
high  frequency /frequency  modulation  (VHF/FM)  radio  transceiver 
for  line-of-sight  communicatior  with  ground  troops  and  forward  air 
controllers. 
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An  identification  friend  or  foe  (IFF)  system  was  included  to 
enable  identification  by  friendly  airborne,  shipboard  or  ground  based 
IFF /Air  Traffic  Control  Stations.  To  accomplish  this  function,  it 
receives  coded  interrogation  signals  which  it  detects,  decodes,  and 
then  responds  by  automatically  transmitting  a coded  reply. 

As  indicated  above,  the  CAS  aircraft  spends  a good  portion  of 
its  time  operating  in  or  near  enemy  territory.  For  this  reason,  and 
to  allow  adequate  information  transmission  without  undue  divulgence 
of  combat  tactics,  a secure  voice  communication  system  was  included. 

A data  link  system  was  selected  to  automatically  communicate 
information  and  data  which  would  be  awkward  or  impossible  to  trans- 
fer through  voice  communication.  Examples  of  such  information  the 
data  link  system  might  be  used  to  transmit  include  position,  aircraft, 
status,  weapon  guidance,  and  sensor  data. 

To  facilitate  communication  with  the  ground  crew  while  the 
aircraft  is  on  the  ground,  and  to  function  as  an  interconnection 
control  device  between  the  headset  and  various  radio  receivers,  an 
intercommunication  set  (ICS)  was  included  in  the  avionics  comple- 
ment. 

Exclusion  Rationale 

Of  the  communication  systems  considered  in  Table  1,  one 
general  type  was  excluded  from  the  CAS  aircraft  complement:  the 
very  high  frequency /amplitude  modulation  (VHF/AM)  radio  trans- 
ceiver. Its  basic  function  is  line-of-sight  communication  for  air-to- 
air  and  air-to-ground  voice  modes.  Although  this  frequency  range  is 
often  used  for  civilian  air  traffic  control  and  commercial  aviation, 
other  systems  already  included  for  more  direct  purposes  also 
adequately  fulfill  these  functions.  It  is  noted  that  the  A-7D  does  not 
contain  a VHF/AM  radio. 

Countermeasures 

The  electronic  countermeasures  (ECM)  equipment  is  designed 
to  detect  enemy  transmissions,  analyze  the  received  signals,  and  pro- 
vide both  warning  to  the  pilot  and  protection,  by  deceiving  the  enemy 
radar  and  other  tracking  devices. 


The  CAS  aircraft,  being  exposed  frequently  to  the  hostile 
environment,  must  carry  a complete  complement  of  countermeasures 
equipment  for  self  protection. 


Selection  Rationale 

A radar  homing  and  warning  (RHAW)  system  is  selected  for 
the  CAS  aircraft  to  detect  incoming  radar  signals  and  analyze  their 
video  content  for  signal  strength,  repetition  frequency,  and  antenna 
scan  rate  characteristics.  After  analysis,  the  RHAW  provides  a 
visual  indication  of  the  threat  type  and  an  aural  alert. 

To  protect  the  aircraft  while  being  tracked,  an  ECM  pod  is 
installed  to  inhibit  the  performance  of  the  enemy  air  defense  system 
by  degrading  the  defensive  system  sensors'  performance.  The  ECM 
pod  provides  this  increased  aircraft  survivability  when  penetrating 
hostile  territory  by  jamming,  which  is  intended  to  destroy  the  ability 
of  hostile  sensors  to  determine  true  aircraft  range  and  angle. 

Also  selected  as  countermeasures  equipment  for  the  CAS  air- 
craft was  an  infrared  (IR)  tail  warning  system.  Its  basic  functions  are 
identical  to  those  of  the  RHAW  except  that  it  detects  and  warns  when 
the  aircraft  is  being  tracked  by  an  IR  seeker  as  opposed  to  radar. 
Upon  receipt  of  this  warning,  the  pilot  initiates  a tactic  which  creates 
range  and  angle  confusion  by  deploying  expendables.  To  accomplish 
this,  a chaff  and  IR  flare  system  was  included.  Its  basic  function  is 
to  deploy  chaff,  flares,  miniature  jammers,  and  decoys  in  selected 
sequences  and  trajectories. 


Exclusion  Rationale 

In  much  of  the  countermeasures  equipment  surveyed,  many 
of  the  same  functions  are  accomplished  by  equipments  which  have 
different  names.  Thus,  several  of  the  equipments  listed  in  Table  1 
have  been  eliminated  without  the  elimination  of  their  functions  since 
they  are  performed  by  the  selected  equipments  discussed  above. 
Equipments  which  were  eliminated  by  this  means  include  the  RF 
jammer,  the  radar  warning,  the  electronic  warfare  warning  system 
(EWWS),  the  RF  blanker,  and  the  ECM  destruct. 
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Table  1 AVIONICS  EQUIPA1ENTS  LISTING 


Subsystem 

- 

Nomenclature 

Aircraft  Applications- 

NAVIGATION 

HARS 

ASN-108 

F-15A 

ASN-129 

A-10A 

INS 

ASN-90-* 

A-7D 

ASN-92 

— 

(A-6/F-14) 

ASN-109 

F-15A 

UHF/ADF 

ARA-50** 

A-7D 

(A-4) 

OA-8639/ARD 

F - 1 5 A 

ARR-69** 

A-7D 

(F-4/A-4) 

TACAN 

ARN-52** 

A-7D 

(A-4) 

RT- 1045  /ARN 

F-15A 

ARN-84 

A-10A 

(A-4/A-7/ 
F- 14) 

ARN- 118 

A-10A 

ILS 

ARN -58-' 

A-7D 

R- 1755 /ARN 

F-15A 

ARN-  108 

A-10A 

LORAN 

ARN-92 

A-7D 

Doppler  Radar 

APN-153 

— 

(A-4) 

APN-185 

— 

(F-lll) 

APN-189 

— 

APN-190** 

A-7D 

ADC 

CP-953A/AJQ 

A-7D 

ASK-6 

F - 1 5 A 

Radar  Beacon 

APN-154** 

A-7D 

(A-4) 

UPJ-25 

A-10A 

Radar  Altimeter 

APN-  141** 

A-7D 

(A-4) 

APN-194 

A-7E/F 

-14A 

COMMUNICATION 

UHF 

ARC-  5 1** 

A-7D 

ARC-109 

F-15A 

(A-4) 

ARC-164 

A-10A 

HF 

ARC- 123** 
ARC- 154 

A-10A 

(F-lll) 

Table  1 (continued) 


Subsystem 

Nomenclature 

Aircraft  Applications* 

VHF-FM 

FM-622A** 

A-7D/A- 

10A 

ARC-114 

— 

(A-4) 

VHF-AM 

ARC-115 

— 

(A-4) 

Secure  Radio 

TSEC/KY-28 

A-7D/F- 

15A 

Intercom 

AIC-18 

A-10A 

(F-5) 

AIC-25 

AlC-26** 

A-7D 

(F-lll) 

Data  Link 

ASW-25A 

A-7E 

IFF 

APX-72 

APX-76 

APX-101 

A-7D 

F-15A 

A-10A 

(A-4) 

COUNTERM  EASURES 

RHAW 

APR-36/37 

A-7D 

ALR-46 

A-7D 

(F-4/ 
F-  105) 

IR  Tail  Warning 

AAQ 

A-10A 

ECM  Pod 

ALQ-71 

A-7D 

(A-4/F-4/ 

F-101) 

ALQ-72 

A-7D 

(A-4/F-4/ 

F-101) 

ALQ-119 

A-7D 

(F-4/F-16/ 

F-lll) 

Chaff  & IR  Flares 

ALE-37 

ALE-38 

A-10A 

A-10A 

ALE-39 

A-10A 

(A-4/A-6  / 
F-4/F-14) 

ALE-40 

A-10A 

(F-4/F-16) 

RF  Jammer 

ALQ-135 

F-15A 

IR  Jammer 

ALQ-140 

— 

(F-4) 

Radar  Warning 

ALR-56 

F-15A 

RF  Blanker 

MX-8252/A 

MX-9287/A 

A-7D 

F-15A 

ECM  Destruct 

MX-8261/ASQ 

A-7D 

EWWS 

ALQ-128 

F-15A 

TZ 


Subsystem 


Nomenclature 


Aircraft  Applications 


AIR -GROUND  ATTACK 

ILLLTV 

LTS 

AAS-35 

FLIR 

AAS-28A 

FLR 

APQ-126** 
APQ-153 
APQ-(  ) 

Camera 

KB-18A 

KB-27A 

Missile  Launcher 

LAU-88/A 

Missile 

AGM-65A 

GAU-8A  Control 

DCK-203  /A49E 

Lead  Computing  Gryo 

CN-  1377/AWG 

CONTROL  & DISPLAY 

HUD 

AVQ-7 
AVQ-20 
( ) 

HSI 

AQU-6A 

AJN-18 

ADI 

ARU-21/A 
ARU-(  ) 

VSD 

OD-60A 

Alap  Display 

ASN-99A 

Recorder 

ASH-28 

Acceleration  Counter 

A/A37J-8 

A-7D 


A-7D  (test)  (RF-4) 


A-7D 


F - 16  A 


(F-5) 


A-7D 

F-15A 


A-10A 
A -10  A 
A-10A 
F - 1 5 A 


A-7D  (A-4) 

F-15A 

A-10A 

A-7D/A-10A 

F-15A 

A-7D 

A-10A 

F - 15  A 

A-7D 

F-15A 

F-15A 


FLIGHT  CONTROL 


ASW-26 

ASW-30 

ASW-38 


A-7D 

A-7D 

F-15A 


Aircraft  series  shown  in  brackets  denote  other  known  applications 
of  the  particular  equipment  in  similar  purpose  weapon  systems. 
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Air-Ground  Attack 

The  primary  role  of  the  air-ground  attack  equipment  is  to 
perform  those  functions  required  to  accurately  locate  enemy  positions 
and  successfully  destroy  designated  targets.  It  will  be  necessary  to 
accomplish  those  functions  by  using  predetermined  enemy  location 
information  and/or  real-time  designated  target  information  while  in 
the  combat  area. 

Selection  Rationale 

For  Several  years,  the  primary  equipment  used  to  perform 
these  functions  has  been  the  attack  radar.  Due  to  its  continued 
success  in  accomplishing  these  functions,  a forward  looking  radar 
(FLR)  of  the  attack  radar  type  was  selected.  Its  basic  functions 
include  determination  of  slant  range  and  bearing  to  specified 
targets  and  display  of  this  information  on  a visual  presentation  for 
use  in  bombing,  navigation  or  steering  calculations. 

A motion  picture  camera  was  included  in  the  aircraft  to 
enable  recording  pictures  of  the  battle/target  area  for  either  re- 
connaissance or  battle  damage  assessment  so  as  to  provide  de- 
tailed information  upon  which  central  control  can  adequately  plan 
and  control  ensuing  tactical  missions. 

To  perform  the  attack  portion  of  the  CAS  mission,  the  air- 
craft must  be  capable  of  delivering  weapons.  The  DAIS  CAS  aircraft 
complement  will  include  a missile  launcher  and  gun  and  will  have  the 
capability  to  deliver  bombs  and  missiles. 

Exclusion  Rationale 

Illuminated  low  light  level  television  (ILLTV),  laser  target 
seeker  (LTS)  and  forward  looking  infrared  (FLIR),  while  potentially 
helpful  for  target  location  and  surveillance,  were  not  included  in  the 
current  CAS  configuration  because  these  systems  were  still  in  final 
development  during  the  time  frame  of  a current  DAIS.  However, 

LTS  and  FLIR  functions  have  been  selected  for  the  1980's  configura- 
tion. 
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A lead  computing  gyro  was  not  included  because  its  outputs 
(azimuth  gimbal  angle,  evaluation  gimbal  angle,  and  normal 
acceleration)  can  be  obtained  from  an  inertial  navigation  system 

(INS). 

j 

The  tactical  computer  is  a special  purpose  computer;  thus, 
in  accordance  with  the  DAIS  concept,  it  has  been  omitted  and  its 
function  placed  in  a core  processor. 

Controls  and  Displays 

The  controls  and  displays  (C/D)  are  to  present  to  the  pilot 
all  of  the  information  and  provide  the  control  required  to  totally 
^manage  the  airplane  performance  and  flight  dynamics,  and  accom- 
plish the  tasks  required  in  the  CAS  mission.  Efficient  application 
of  C/D  technology  in  arrangement,  configuration,  integration, 
and  automation  is  essential  in  order  to  fulfill  these  requirements 
in  an  expeditious  manner. 

Selection  Rationale 

Since  the  primary  role  of  the  CAS  airplane  will  be  in 
support  of  our  own  troops,  visual  target  identification  and  attack 
will  be  required  when  permitted  by  the  weather.  Therefore,  a 
head-up  display  (HUD)  with  displayed  attack  symbology  is  included 
as  a DAIS  element  for  use  in  visual  attack.  The  predicted  current 
impact  point  should  be  displayed  on  the  HUD  so  that  the  pilot  is 
required  only  to  steer  the  impact  point  to  line  up  with  the  target 
and  to  command  release  at  coincidence  of  the  two.  The  HUD  will 
provide  the  pilot  with  flight  information  and  command  symbology 
for  takeoff  cruise,  head-up  weapon  delivery,  and  landing. 

To  provide  a primary  navigation  display,  a horizontal 
situation  indicator  (HSl)  is  required.  Its  basic  function  is  to 
combine  and  present,  on  one  display,  the  aircraft  bearing  and 
distance  to  selected  reference  points. 

As  a source  of  roll  and  pitch  information  for  pilot  use,  an 
attitude  director  indicator  (ADI)  is  included. 
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Another  function  needed  is  that  of  a map  display.  This  is  a 
primary  aid  during  the  attack  mode.  It  provides  the  pilot  with  a con- 
tinuous, automatic  presentation  of  the  relative  position  of  the  aircraft 
with  respect  to  designated  points  on  the  terrain  over  which  it  is  flying. 

The  information  normally  presented  on  the  basic  cockpit  in- 
struments for  aircraft  system  management  and  monitoring  must  also 
be  displayed.  This  includes  status  inputs  from  engine,  hydraulic, and 
electrical  systems.  To  perform  these  functions  in  a simplified 
manner,  multipurpose  displays  (MPD)  have  been  chosen  for  inclusion. 

The  equipments  discussed  above  deal  basically  with  display 
functions.  In  conjun  ction  with  this,  capabilities  must  be  provided  to 
control  these  displays  as  well  as  such  other  functions  as  stores 
management  and  central  integrated  test.  To  perform  such  control  an 
integrated  multifunction  keyboard  (IMFK)  and  multifunction  control 
panels  (MFCP)  are  included. 

The  arrangement  and  configuration  of  the  Cf D equipment  must 
be  convenient,  accessible,  unambiguous,  and  must  conform  to  air- 
frame restrictions.  Maximum  integration  of  this  equipment  is 
necessary  to  minimize  task  loading  and  space  requirements  for  one- 
man  operation.  Maximum  information  consistent  with  clutter  re- 
strictions must  be  provided  on  each  display  and  multiple  functions 
must  be  available  on  integrated  control  panels.  Task  loading  must  be 
further  reduced  by  maximum  automation  of  functions  (e.g.,  MODE 
CONTROL,  EXCEPTION  DISPLAYS)  so  that  the  pilot  can  perform  as 
a weapon  system  manager  who  is  required  to  act  only  for  high  priority 
decisions  and  is  relieved  of  continuous  monitoring  duties  related  to 
overall  system  performance. 

Key  factors  in  implementing  this  baseline  system  are:  (1)  con- 
servation of  panel  space  for  one-man  operation,  (2)  flexibility  and 
standardization,  (3)  fault  tolerance,  and  (4)  industry  capability. 

Figure  6 is  an  artist's  sketch  of  the  arrangements  of  such  a C/D 
system  for  DAIS. 
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BACKUP  ENGINE 


BACKUP  FLT 


MP1) 


MPD 


MULTIFUNCTION 

CONTROL 


MULTIFUNCTION 

CONTROL 


FIGURE  6 DAIS  C/D  SYSTEM 


Exclusion  Rationale 


Dedicated  controls  are  required  for  some  areas  such  as 
armament,  communication,  m aste r .-naru&s -keyboard  (MMK.V  power/ 
start-up  panel  (PSP)  and  flight  controls.  They  have  not  been  included 
because  of  their  unique  nature  with  respect  to  the  DAIS  concept;  i.  e. , 
safety  of  flight,  data  rates,  or  display  and  control  format  preclude 
their  integration.  Many  of  these  functions  are  included  in  the  equip- 
ment selected  to  perform  the  CAS  mission  and  are,  thus,  described 
in  Section  IV. 

Conventional  cockpit  instruments,  such  as  engine  instruments, 
bearing  distance  heading  indicators  (BDHI),  etc.,  have  been  excluded 
since  their  functions  have  been  included  in  the  integrated  controls  and 
displays  already  selected  for  inclusion. 

Flight  Controls 

The  night  control  functional  requirements  for  the  CAS  aircraft 
of  the  1980  time  frame  will  include  conventional  functions  such  as 
command  augmentation,  stability  augmentation,  and  limited  autopilot 
modes.  The  control  system  might  incorporate  fly-by-wire  command 
augmentation  to  minimize  system  weight  and  mechanical  design. 

The  flight  control  system  would  be  implemented  using  digital 
processors,  use  multiplexing  to  achieve  a high  level  of  reliability, 
and  employ  physical  separation  of  components  to  increase  survivability. 

Electrical  Power  Management 

The  electrical  power  supply  system  will  be  required  to  deliver 
115-volt,  3-phase,  400-hertz  ac  power,  and  28-volt  dc  power.  Constant 
speed  drive  control  is  required  to  regulate  the  generator  frequency  at 
400  hertz.  Voltage  regulation,  system  monitoring,  status  reporting, 
and  system  protective  functions  will  be  required.  An  emergency 
generator  and  a battery  are  required  to  supply  limited  power  in  the 
event  of  failure  of  the  main  power  system. 

Central  Integrated  Test  System  (CITS) 

The  test  requirements  for  the  CAS  airplane  stem  from  two 
principal  mission -related  items.  First,  the  CAS  airplane  will  be  re- 
quired to  operate  from  lorward  bases  which  will  not  have  extensive 
test  or  maintenance  facilities.  Secondly,  the  probability  of  mission 


il 


28 


r ) 


success  is  increased  by  the  capability  of  inflight  fault  detection  and 
graceful  degradation  to  other  system  configurations.  For  these 
reasons,  the  DAIS  system  will  be  required  to  have  the  capabilities 
to  test  its  own  performance,  to  isolate  detected  failures  to  an  LRU 
and,  wherever  possible  to  a shop  replaceable  unit  (SRU),  and  to 
report  the  test  results  to  the  system  operator. 

A CITS  has  been  selected  to  perform  the  test  functions. 
Several  types  of  tests  will  be  required.  End-to-end  testing  with 
"Go /No-Go"  results  will  be  used  to  determine  if  the  system  is 
ready  to  be  placed  in  an  alert  status.  Required  inflight  tests  in- 
clude (1)  periodic  (i.e.,  once  per  second)  testing  of  the  computing 
and  interface  units,  and  (2)  continuous  testing  of  parameters  by 
comparison  or  by  reasonableness. 

SUMMARY 


This  section  has  dealt  with  the  CAS  mission  and  the 
functional  requirements  for  a DAlS-configured  aircraft  performing 
such  a mission.  These  functional  requirements  serve  as  the  basis 
for  identifying  specific  equipments  for  the  current  and  1980's  con- 
figurations. 

Identification  of  these  equipments  required  knowledge  of 
what  is  currently  available  in  military  inventory  as  well  as  pro- 
jecting technology  to  determine  what  will  exist  and  be  available 
in  the  1980fs  time  frame.  The  first  of  these  tasks,  the  determina- 
tion of  currently  available  relevant  avionic  subsystems,  was  per- 
formed through  an  avionics  survey  as  described  in  the  following 
section. 
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III.  AVIONICS  SURVEY 


APPROACH 

I 

In  order  to  develop  a realistic  baseline  avionics  suite,  a 
survey  was  made  of  equipments  available  in  current  military  inven- 
tory and  used  on  aircraft  that  are  used  to  perform  CAS  missions. 
Equipment  in  all  Air  Force  and  Navy  aircraft  that  fall  into  this  cate- 
gory were  included  in  the  survey.  The  list  of  equipment  most  repre- 
sentative of  current  CAS  avionics  is  shown  in  Table  1. 


The  table  indicates  that,  for  certain  functions  or  subsystems, 
there  is  a choice  of  equipment  fulfilling  identical  functions  in  the 
same  weapon  system.  The  explanation  for  this  is  the  occurrence  of 
weapon  system  modernization  accomplished  by  either  changes  during 
production  or  the  retrofitting  of  existing  aircraft. 

Information  on  these  equipments  was  gathered  fropi  a review 
of  technical  order  publications  for  operation,  maintenance,  and  over- 
haul. Available  manufacturers'  literature  was  also  considered  ex- 
tensively. For  each  equipment,  a technical  description  package  was 
prepared.  They  contain  summaries  cf  the  equipments  reviewed  as 
candidates  for  inclusion  into  the  current  or  mid-1980s  DAIS  concep- 
tual design  configurations.  A sample  worksheet  is  depicted  in 
Figure  7.  The  decision  processes  that  resulted  from  the  analysis 
of  this  data  are  described  in  Sections  IV  and  V. 


WORK  PACKAGES 

These  synopses  were  provided  to  the  Air  Force  as  a backup 
data  package.  They  are  organized  by  function  group  and  subsystem 
type.  The  six  function  groups  include:  navigation,  communication, 
electronic  countermeasures,  air-ground  attack,  control  and  display, 
and  flight  control. 


The  set  of  data  for  each  equipment  includes  one  sheet  of 
summary  information  on  the  whole  subsystem,  a sheet  of  informa- 
tion for  each  line  replaceable  unit  (LRU),  and  a reference  to  wiring 
and  block  diagrams.  The  first  page  of  each  data  set,  as  shown  in 
Figure  7,  describes  the  complete  subsystem  and  includes  identifica- 
tion by  function  (1),  subfunction  name  (2),  AN  nomenclature  (3)  and 
aircraft  application  (4),  as  well  as  the  manufacturer's  name  (5)  and 
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Function  Group: 


© 


Cat  No.: 


Subsystem: 


© 


Mfr.: 


® 


Aircraft  Application:  (T)  Q A 7 Q A 10  Q F-15 


Nomenclature: 


~M7T. 

Model: 


© 


Q Other: 


No.  of  LRU*: 


MTBF:  © hr*.  Batii: 


Total  Wt.:  (9)  lbs.  Total  Vol.: 


cu.  ft. 


Power  Reqts:  i^ll) 
AC  Three  Phase 
AC  Single  Phase 
AC  Single  Phase 
DC 


V 

V 

V 

V 


Hz 

Hz 

Hz 


VA 

VA 

VA 

W 


Dynamic  Constraints: 


Performance: 


Price:  S (?)  Basis: 


Cooling:  Q Ambient  Q Forced 

If  forced,  minimum  is:  ^^) 

Ibs/min.  @ °F 


Assoc.  Equipt.: 


Output  Data  I Type  & format): 


Anticipated  Maintenance: 


Attached  Diagrams: 

[ | Interconnection  Wiring 
| | Functional  Block 
| | Other: 
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Figure  7 SUBSYSTEM  DATA 


and  model  number  (6),  mean  time  between  failures  (MTBF)  (7),  and 
price  (8),  subsystem  physical  characteristics  such  as  overall  weight 
(9),  volume  (10),  power  (11)  and  cooling  requirements  (12)  are  also 
noted.  Similarly,  the  dynamic  constraints  (13)  (such  as  temperature, 
vibration,  and  altitude  limits)  and  associated  equipment  (14  (including 
antennas,  mounts,  and  other  interfacing  subsystems)  are  listed. 
Further  information  is  recorded  on  the  pertinent  performance 
characteristics  (15)  and  the  type  and  format  of  the  output  data  (16)  of 
that  subsystem.  Lastly,  anticipated  maintenance  actions  (17)  are  noted. 

One  data  sheet  for  each  LRU  in  the  subsystem,  as  shown  in 
Figure  8,  follows  the  subsystem  data  sheet.  The  first  information  on 
the  page  is  similar  to  that  of  the  summary  sheet  and  contains:  the 
subsystem  name  (1),  LRU  name  (2),  LRU  nomenclature  (3),  manu- 
factirer  (4),  model  number  (5),  aircraft  application  (6),  MTBF  (7), 
and  price  of  the  LRU  (8).  The  LRU  physical  characteristics  - 
dimensions  (length,  height,  width)  (9),  volume  (10),  weight  (11), 
power  requirements  (12),  and  cooling  requirements  (13)  - are  recorded 
next.  The  functions /performance  parameters  (14)  and  any  special  con- 
straints (15)  upon  operation  of  the  LRU  are  noted.  The  bottom  section 
of  the  page  (16)  describes  the  subassemblies  of  the  LRU  with  respect 
to  module  identification,  module  name,  type  of  assembly  (sensor, 
core,  power  supply,  control/ display,  etc.)  and  other  information  per- 
tinent to  that  subassembly. 

Subsystem  functional  block  diagrams  and  wiring  diagram 
listings  complete  the  data  package. 

The  technical  description  packages  cover  all  of  the  equipments 
considered  (even  though  some  were  not  selected)  for  the  current  and 
1980s  DAIS-configured  CAS  aircraft  avionics  suite.  This  data  was 
included  to  allow  maximum  flexibility  for  the  LCC  model  user  to  vary 
the  specific  choices  of  equipment  for  a particular  function  or  to  recon- 
figure the  CAS  conceptual  design  for  a different  purpose;  e.  g. , air 
superiority. 

Note  that  block  16  of  Figure  8,  the  LRU  subassemblies' 
descriptions,  has  resulted  in  functional  divisions  according  to  the 
manufacturer's  design  criteria.  Some  of  these  equipments  exhibit  a 
natural  adaptability  for  modification  to  DAIS  purposes  by  partitioning 
between  subassembly  modules.  Others,  to  the  contrary,  exhibit  a 
physical  organization  significantly  less  inclined  to  being  reconfigured 
for  a DAIS  CAS  aircraft. 
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Subsystem: 


LRU: 


LRU  Mfr.:  © 


Aircraft  Application.  ® 


MTBF  © Hrs.  Basis: 


□ A-7 


Cat  No.: 


© 


Nomenclature. 


Power  Reqts  (l2) 

v 

Hz 

VA 

v 

Hz 

VA 

AC  Single  Phase 

V 

_ Hz 

VA 

DC 

V 

W 

Mfr.  (ON 

Model:  'O' 


□ A 10  □ F-15  □ Other 


Basis. 


Price  S 


Height: 


Cooling  Reqts.  (^ 

| | Ambient 

Functions/Perf  or  mance. 


| | Forced 


Volume  (10)  cu.  ft 

Weight.  (l_l)  lbs. 

If  forced,  minimum  is  Ibs/min  @ 

Special  Constraints. 


Suhassy 


Other  Info 


A second  backup  data  package  delivered  to  the  Air  Force 
contains  technical  description  packages,  equivalent  in  form  to 
those  used  in  the  first,  which  provide  detailed  summaries  for  each 
of  the  core  element  equipments. 

The  technical  description  packages  delineate  the  overall 
population  of  avionics  subsystems  reviewed  for  the  purposes  of  the 
DAIS  conceptual  design  configurations  and  describe  the  assembly  of 
technical  data  into  work  packages  to  form  a reference  library.  The 
following  section  will  discuss  the  selection,  from  that  population, 
of  appropriate  subsystems  for  a current  DAIS  conceptual  design 
configuration  and  their  partitioning  for  a DAlS-configured  imple- 
mentation. 
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IV. 


CURRENT  DAIS  EQUIPMENT  SELECTION  AND  PARTITIONING 


EQUIPMENT  SELECTION 

A two-step  procedure  was  used  in  arriving  at  a selection  of 
avionics  for  a current  DAlS-configured  CAS  aircraft.  The  first  step 
was  a nominal  selection  of  generic  equipment  capable  of  performing 
the  functions  specified  in  Section  II.  The  second  step  was  to  refine  the 
selection  of  equipment  to  specific  nomenclatured  subsystems  which 
are  capable  of  performing  the  required  mission  functions  and  also 
meet  certain  selection  criteria.  These  procedures  resulted  in  a 
baseline  system  of  current  avionics  capable  of  fulfilling  a CAS 
mission. 

CAS  FUNCTIONS 

Once  the  available  data  was  accumulated,  the  next  considera- 
tion was  applicability  of  a particular  subsystem  function  to  the  CAS 
mission.  In  somednstances,  the  available  choices  of  equipment  to 
perform  a particular  function  offered  no  distinct  advantages.  This 
was  due  to  the  fact  that  they  consisted  of  significantly  different  means 
to  accomplish  a given  function.  In  other  instances,  available  choices 
included  equipment  with  a multiple  function  capability.  Specific 
rationale  for  equipment  selection  decisions  for  each  area  of  the 
mission  function  was  given  in  Section  II. 


PRIOR  DAIS  AVIONICS  STUDIES 

Previous  DAIS  avionics  studies  have  been  conducted  and  some 
equipment  and  functions  were  selected.  In  order  to  facilitate  compari- 
son with  other  selections.  Table  2 summarizes  results  of  the  General 
Dynamics  [1].  Texas  Instrument  [4],  and  Honeywell  [2]  trade-off 
studies.  The  separate  functions  and  equipments  are  shown  within  the 
general  categories  of:  navigation,  communication,  countermeasures, 
identification,  air-ground  attack,  and  control  and  display.  Some 
positions  in  the  table  show  two  possible  equipments;  in  other  places, 

a dashed  line  ( ) is  used  to  indicate  that  there  was  either  no 

selection  or  no  discussion  of  that  function  in  the  particular  study. 
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Table  2 SUMMARY  OF  CAS  TRADEOFF  STUDIES  (Continued) 


ECM  Destruct  MX-8261/ASQ 


Table  2 SUMMARY  OF  CAS  TRADEOFF  STUDIES  (Continued) 


Management  Single  Engine  with 

Single  Generator 
Aux  Gen. 


fe 

f It 


I 


I 


1 


In  addition  to  listing  the  specific  functions /equipments  selected 
by  the  previous  studies.  Table  2 includes  some  of  the  outputs  and 
accuracies  associated  with  those  choices.  These  related  data  were 
evaluated  in  conjunction  with  the  functions  and  equipments  listed  to 
arrive  at  the  current  DAIS  conceptual  design  configuration  equipment 
selection. 


SUBSYSTEM  SELECTION  CRITERIA 

To  select  specific  representative  equipments  for  the  current 
DAIS  design  configuration  the  following  criteria  was  imposed; 

1)  Both  the  functional  mission  requirements  and  the  flight 
dynamics  for  a CAS  aircraft  must  be  met. 

2)  Selected  equipments  must  be  representative  of  the 
current  military  inventory. 

3)  If  equipments  were  basically  equal,  then  the  final 
selection  is  based  upon  the  availability  of  performance, 
reliability,  maintenance,  and  cost  data. 

These  criteria,  when  overlaid  on  the  available  avionics  shown 
in  Table  1,  permitted  a selection  of  specific  nomenclatured  subsys- 
tems for  the  current  conceptual  design  configuration. 
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CAS  EQUIPMENT  SELECTION  FOR  CURRENT  CONFIGURATION 

Starting  with  the  candidate  systems  summarized  in  Tables  1 
and  2, the  above  selection  criteria  were  imposed  to  make  specific 
equipmenl/sensor  selections.  The  result  of  this  baseline  selection  is 
shown  in  Table  3.  "Most  modern"  was  not  necessarily  a driving 
factor;  "most  representative  of  current  inventory"  was  considered  to 
be  of  greater  importance.  Digital  outputs,  per  se,  were  not  given  any 
special  merit.  Due  to  the  fact  that  the  multiplex  bus  interface  is  a 
recenTy  specified  capability,  implementation  will  require  some  input- 
output  (I-O)  circuitry  for  almost  any  equipment  selection. 

The  ADC  chosen  was  that  of  the  A-7D  for  the  specific  reason 
that  its  design  flight  profile;  i.  e.,  the  attack  mission,  is  similar  to 
that  of  the  CAS  mission.  Flight  dynamics  considerations  negated  the 
choice  of  countermeasures  equipment  from  an  F-15A  which  were  in- 
corporated within  the  AS  airframe  purely  for  aerodynamic  stream- 
lining. Such  relocation  with  its  attendant  complication^  is  not  a 
reasonable  constraint  for  a CAS  aircraft  which  does  not  have  the 
requirement  for  streamlining  to  enhance  aerodynamic  performance. 

PARTITIONING 

The  previous  sections  have  discussed  the  avionics  functions 
required  for  a CAS  aircraft  and  the  sensor  selection  that  would  per- 
form those  functions  in  a current  DAIS  application.  This  section 
describes  the  partitioning  of  the  current  sensors  into  functional 
segments  at  the  SRU  level  and  also  discusses  those  equipments  ex- 
cluded from  partitioning. 

Each  equipment  was  partitioned  so  as  to  conform  to  the  DAIS 
concept;  i.  e. , they  were  partitioned  at  the  subassembly  level  into 
three  categories;  sensor,  processor,  control  and  display.  Where 
appropriate,  power  supply  functions  were  identified  for  possible 
inclusion  in  a central  DAIS  power  bus  at  some  future  time. 

Since  these  equipments  were  not  developed  under  the  DAIS 
concept,  many  of  the  subassemblies  perform  functions  that  fall  into 
more  than  one  DAIS  functional  category.  Where  possible,  these  multi- 
function subassemblies  were  assigned  to  the  functional  group 
corresponding  to  the  predominant  function  of  the  subassembly.  In 
other  instances,  this  determination  could  not  be  made  and  the  sub- 
assembly  was  then  designated  as  being  multifunctioned. 
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Table  3 AVIONICS  EQUIPMENT  SELECTION 


CURRENT  CONCEPTUAL  DESIGN  CONFIGURATION 
FOR  A CAS  AIRCRAFT 


Function:  NAVIGATION 

Source 

Subsystem 

Nomenclature 

Aircraft 

INS 

ASN-90 

X 

A-7D 

UHF-ADF 

ARA-50 

X 

A-7D 

TACAN 

ARN-52 

A-7D 

VOR-ILS 

ARN-58A 

X 

A-7D 

ADC 

CP-953A/AJQ 

A-7D 

Beacon 

APN  - 154 

X 

A-7D 

Radar  Altimeter* 

APN-141 

X 

A-7D 

Function:  COMMUNICATIONS 

UHF 

ARC-51 

X 

A-7D 

HF 

ARC-123 

X 

F-111A 

VHF-FM 

FM-622A 

X 

A-7D/A- 10A 

Secure  Voice* 

TSEC/KY-28 

A-7D/A-10A/ 

F-15A 

Intercom 

AIC-25 

X 

F-111A 

Data  Link 

ASW-25A 

A-7E 

IFF 

APX-72 

X 

A-7D 

Function:  COUNTERMEASURES 

RHAW* 

ALR-46 

A-7D 

IR  Tail  Warning* 

AAQ-4 

RF-4C 

Function:  AIR -GROUND  ATTACK 

FLR 

APQ-126 

X 

A-7D 

Function:  CONTROL 

& DISPLAY 

HUD 

AVQ-7 

A-7D 

HSI 

AQU-6/A 

A-7D/A- 10A 

ADI* 

ARU-21/A 

A-7D 

Map  Display 

ASN-99A 

A-7D 

MPDs 

>'< 

s{o|< 

IMFK 

>,<  5,C 

** 

MFCPs 

*;Jc 

ijt 

'-Excluded  from  partitioning  (see  Section  IV). 

**Not  in  current  aircraft  inventory  but  development  is  dictated  via 


adoption  of  DAIS  concept, 
x - Hot  Bench  Equipment 


Each  of  the  avionics  systems  surveyed  was  partitioned  as 
described  previously  y functional  area.  Those  functions  which 
could  be  performed  in  a core  element  were  so  designated.  It  is 
conceivable  that  some  of  the  computer  functions  might  better  be 
performed  by  processors  remaining  with  the  sensors  instead  of 
the  core  element.  This  subject  will  be  pursued  in  the  processor 
discussions.  The  control /display  functions  were  partitioned 
separately  for  later  integration  into  multipurpose  displays. 

Exclusions  from  Partitioning 

Not  all  of  the  current  avionics  selected  (as  shown  in 
Table  3)  should  be  partitioned;  those  equipments  which  have  been 
excluded  from  partitioning  are  listed  below  along  with  the  rationale 
for  their  exclusion; 

• Equipments  with  unique  installation  requirements: 

Equipments  such  as  ECM  pods,  chaff  and  flare  dis- 
pensers, and  IR  tail  warning  operate  as  independent 
systems  and  are  subject  to  quickly  changing,  field- 
modified  configurations.  This  group  also  includes  the 
motion  picture  camera,  missile  launcher  electronics, 
and  gun  and  missile  control  electronics  which 
obviously  have  special  requirements.  On  the  other 
hand,  control  of  these  subsystems  and  display  of 
data  associated  with  their  operation  (i.  e. , the  ECM 
threat,  weapons  status,  etc.)  are  desirable  aspects 
of  the  integrated  system.  Thus,  while  these  sub- 
systems have  not  been  partitioned,  their  control  and 
display  functions  still  remain  part  of  the  DAIS 
avionics  control  and  display  system  as  shown  in 
Figure  10. 

• Special  purpose  equipment: 

The  Radar  Homing  and  Warning  (RHAW)  performs 
specialized  functions  requiring  much  higher  speed 
processor  operations  than  that  required  by  the  other 
avionics  and,  therefore,  requires  a dedicated 
computer.  Nevertheless,  an  interface  exists  with 
the  multiplex  bus  for  control  and  display  purposes. 


• Safety  of  flight: 

Several  other  functions  will  not  be  partitioned  because 
their  failure  to  perform  their  specified  functions  affect 
safety  of  flight  for  the  aircraft.  Two  equipments  in 
this  category  are  the  AFCS  (autopilot)  and  the  radar 
altimeter.  * 

• Standard  inventory  items; 

Certain  functions  will  be  fulfilled  by  equipments  pro- 
vided to  the  aircraft  SPO  by  other  organizations  as 
standard  items.  These  include  Secure  Voice,  ADI, 
and  certain  flight  and  engine  instruments. 

Current  DAIS  Avionics  Partitioning 

This  section  provides  a summary  in  Table  4 of  the  equipment 
selected  as  being  representative  of  the  current  DAIS  avionics  suite 
partitioned  to  the  subassembly  level.  The  summary  table  is  sub- 
divided into  the  five  functional  groups:  navigation,  communication, 
countermeasures,  air-ground  attack,  and  control  and  display.  Within 
each  functional  group,  the  specific  equipments  are  subdivided  by  line 
replaceable  unit  (LRU).  The  functions  of  each  subassembly  of  every 
LRU  are  partitioned  as  previously  described.  Table  4,  "Current 
Avionics  Partitioning",  also  contains  a catalog  number  (cat.  no. ) for 
each  equipment  included.  It  provides  a cross  reference  to  the 
similarly  numbered  summary  sheets  (in  the  backup  data  package, 
see  Section  III)  which  contain  further  details  on  each  subsystem. 

Those  equipments  which  have  been  excluded  from  partitioning  have 
been  included  in  the  table  for  the  sake  of  continuity  and  are  desig- 
nated "NA"  (not  applicable). 

The  table  lists  all  relevant  equipments  but  concerns  itself 
specifically  with  the  major  LRUs  of  the  subsystems  being  partitioned. 
Mounts,  couplers,  and  antennas  are  not  included  unless  the  particular 
one  is  complex  in  nature.  For  example,  a UHF  blade  antenna  would 
be  excluded  while  the  FLR  (gear  assembly,  roll  attitude  harness, 
etc.  ) would  be  included.  Computer  LRUs;  e.g.,  ASN-91  Tactical 
Computer  Set,  are  specifically  excluded  from  the  table  as  their 
entire  purpose  is  accommodated  by  the  DAIS  core  processor  elements. 

* Computation  of  the  radar  altimeter  output,  i.e.,  altitude,  is  simply 
a measurement  of  the  elapsed  time  between  transmission  and  re- 
ception of  an  electromagnetic  signal.  Use  of  the  processor  for  this 
does  not  appear  to  be  justified. 
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Table  4 CURRENT  AVIONICS  PARTITIONING 


Tabte  4 CURRENT  AVIONICS  PARTITIONING 


T»ble  4 CURRENT  AVIONICS  PARTITIONING 


AIC-25  C 6567  AUDIO  FREa  AMP  CALL  SWITCH  RELAY 

INTERCOMMUNI  INTERCOMMUNI-  AUDIO  FREa  AMP  VOLUME  CONTROL  RELAY  SOCKETS 

CATION  SET  CATION  SET  CONT.  TERMINAL  BOARD  SELECTOR  SWITCH 

MONITOR  SWITCH 


Table  4 CURRENT  AVIONICS  PARTITIONING 


Table  4 CURRENT  AVIONICS  PARTITIONING 


Table  4 CURRENT  AVIONICS  PARTITIONING 


CURRENT  AVIONICS  PARTITIONING 


DIFF.  MIXER  PREAMP. 


Table  4 CURRENT  AVIONICS  PARTITIONING 


Table  4 CURRENT  AVIONICS  PARTITIONS 
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CORE  ELEMENTS 

The  four  subsystems  of  the  DAIS  core  central  to  the  DAIS 
Conceptual  Design  Configuration  are  the  (1)  processor,  (2)  multiplex 
bux,  (3)  controls  and  displays,  and  (4)  software.  The  development 
of  standards  and  techniques  associated  with  these  four  subsystems 
has  been  one  of  the  prime  motivations  behind  the  establishment  of 
the  DAIS  Integrated  Test  Bed. 

In  order  to  reflect  the  most  current  thinking  with  respect  to 
the  core  elements  Dynamics  Research  Corporation  (DRC)  has  co- 
ordinated with  AFAL  to  establish  the  design  baseline.  A summary 
of  the  constraints  imposed  on  the  core  element  design  is  given  by 
F.  Scarpino  and  R.  Goodstein  [5],  Our  approach  was  to  first  deter- 
mine the  processing  requirements  for  the  selected  conceptual 
design  configuration  described  in  this  report.  Then  the  constraints 
developed  by  AFAL  were  overlaid  to  establish  the  core  element 
design  configuration. 

Core  Element  Design  Requirements 

The  DAIS  concept  seeks  to  standardize  avionics,  reduce 
acquisition  and  support  costs,  and  provide  increased  flexibility  in 
future  avionics  systems.  To  accomplish  these  objectives  the  modular 
core  elements  are  designed  to  be  easily  removable  and  replaceable, 
easily  exchangeable  between  different  aircraft,  and  readily  re- 
configurable  for  different  missions.  The  design  objectives  can  be 
summarized  in  terms  of  the  characteristics  and  goals  shown  in 
Tables  5 and  6,  respectively. 

Control  and  Display  Elements 

Control  and  Display  (C/D)  core  elements  for  a DAlS-configured 
CAS  aircraft  conceptual  design  configuration  must  both  satisfy  mission 
requirements  and  conform  to  the  principles  of  the  DAIS  concept.  After 
an  intensive  review  of  all  available  C/D  subsystems  design  references, 
it  was  determined  that  Reference  [7]  most  specifically  addresses  the 
DAIS  core  element  design  problem.* 


*The  equipments  described  were  selected  prior  to  the  finalization 
of  C/D  specifications  for  the  DAIS  Integrated  Test  Bed. 
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Table  5 CORE  ELEMENT  CHARACTERISTICS 


* 


Processor 

Multiplex 

• 349  KEOPS 

• 1 DMA  Channel 

• 16  Registers 

• Flexible  Addressing  Modes 

• MILSTD  1553 

• Manchester  Code 

• 1 Megabit 

• Twisted  Shielded  Pairs 

• High  Replication  of 
Modules 

• Bus  Interface 

• Processor  Interface 

• Subsystem  Interfaces 

Controls  & Displays 

Software 

• Identical  CRT  Displays 

• Multifunction  Keyboards 
and  Controls 

• Modular  Displays 
Generator 

• Plug-In  Refresh  Memory 

• Structured  Programming 

• Transferable  Modules 

• Comprehensive  Support 
Software 

• Integrated  Test  Software 

Table  6 CORE  DESIGN  GOALS 


Item 

Design  Goal 

Weapon  CEP 

No  Degradation  Due  to  Core 
Element  Function 

Memory  Use  (Highest) 

Less  than  70% 

Timing  Load  (Highest) 

Less  than  70% 

Bus  Traffic 

Less  than  70% 

In-Flight  LRU  Fault  Detection 

75% 

Pre-Flight  LRU  Fault  Detection 

90% 

Post-Flight  LRU  Fault  Isolation 

95% 
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The  C/D  Subsystem  recommended  by  Boeing,  under  contract 
to  the  DAIS  Advanced  Development  Program  Office  (ADPO) 
describes  a "dual  redundant  design"  consisting  of  (1)  an  integrated 
set  of  five  cathode  ray  tube  displays  which  interface  to  the  data  bus 
through  a display  switch/memory  unit  (DS/MU),  two  modular  pro- 
grammable display  generators  (MPDG),  and  two  remote  terminal 
units  (RTU);  (2)  an  integrated  set  of  multifunction  and  dedicated 
control  panels  which  interface  directly  to  the  data  bus  through  two 
RTUs.  The  multifunction  controls  are  identifed  as  follows; 

(1)  integrated  multifunction  keyboard  (IMK),  (2)  multiple  function 
control  panel  (MFCP-1)  used  as  a stores  management  keyboard, 
and  (3)  multiple  function  control  panel  used  as  a DAIS  Integrated 
Test  System  (DITS)  keyboard  (DK).  The  dedicated  controls  are 
identified  as  follows:  (1)  armament  panel  (AP),  (2)  sensor  con- 
troller unit  (SCU),  (3)  communications  panel  (CP,  (4)  sensor/map 
panel  (SMP),  (5)  digit  entry  keyboard  (DEK),  (6)  master  mode  key- 
board (MMK),  and  (7)  power /start-up  panel  (P/SP).  The  controls 
and  displays,  functionally  integrated  through  appropriate  mission 
software  control  modifies  in  the  DAIS  processors,  would  be 
supplemented  by  a set  of  standard  dedicated  instruments  to  act  as 
a backup  in  the  event  of  DAIS  power  failure. 

Core  Element  Architecture 

The  design  objectives  call  for  two  multiplex  lines,  one 
completely  redundant  with  the  other,  limiting  bus  traffic  to  70%. 

To  minimize  software  development  costs,  reduce  logistic  support 
costs,  and  ease  implementation  of  system  specifications,  pro- 
cessor software  occupies  only  70%  of  capacity.  This  processor 
capacity  requirement  is  for  final  implementation,  not  a hedge 
against  unspecified  growth. 

After  establishing  the  processor  requirements  for  the 
selected  conceptual  design  configuration,  it  was  determined  that 
the  AFAL  recommended  software  task  allocations  could  be  utilized. 
The  result  was  the  following  assignments; 


Processor  1:  executive,  control  and  display 

Processor  2;  navigation  including  air  data  computations 

Processor  3;  stores  management,  weapon  delivery,  target 
acquisition,  and  fixtaking 


Processor  4;  integrated  test  system,  mission  data  manage- 
ment, communications  management,  electrical 
power  management,  EW/ECM  control. 
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Core  Element  Design  Configuration 

A breakdown  of  the  core  elements  that  meets  the  functional 
requirements  of  the  DAIS  avionics  suite  appears  below; 

1.  Processor 

arithmetic  and  control  unit 
memory  unit 
I/O  unit 
power  supply 

maintenance /control  interface 

2.  Bus  Control  Interface  Unit  (BCIU) 

processor  interface  module  (PIM) 
bus  control  module  (BCM) 
power  supply 

bus  interface  module  (BIM  1 and  BIM  2) 

3.  Remote  Terminal  Unit 

MTU  - multiplex  terminal  unit 
TCU  - timing  and  control  unit 
power  supply 
IM  - interface  module 
self  test 

4.  Control  and  Display 

digital  scan  converter  (DSC) 

modular  programmable  display  generator  (MPDG) 

display  switch/memory  unit  (DS/MU) 

head-up  display  (HUD) 

vertical  situation  display  (VSD) 

horizontal  situation  display  (BSD) 

multiple  purpose  display  (MPD) 

stores  management  panel  (MFCP-1) 

master  mode  panel  (MMP) 

integrated  multifunction  keyboard  (IMK) 

data  entry  keyboard  (DEK) 

sensor /map  control  panel  (SMCP) 

communication  panel  (CP) 

armament  panel  (AP) 

power/start  up  panel  (P/SP) 

mass  memory  unit  (MMU) 

sensor  control  unit  (SCU) 

DITS  panel  (MFCP-2) 
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The  core  element  technical  description  packages  (see 
description  of  backup  data  package  in  Section  III)  contain  technical 
data  and  definition  of  each  of  the  above  core  elements. 

Processing  Requirements 

The  processor  capabilities  for  storage  and  data  handling 
are  defined  in  terms  of  estimates  of  the  memory  and  speed  require 
ments  of  the  individual  subprograms.  Estimates  were  derived  by 
splitting  processing  requirements  into  completely  separate,  non- 
related  groups.  The  general  design  constraints  of  the  "Critical 
Item  Development  Specification  for  the  DAIS  Processor  "[6]  were 
overlaid  and  the  processing  requirements  for  the  current  DAIS 
conceptual  design  were  estimated  as  shown  in  Table  7. 


Table  7 PROCESSING  REQUIREMENTS 


l 


Subprogram 

Processor  # 

Memory 
( 16 -bit  words) 

KOPS 

Executive 

1 

2000 

26.  7 

I/O 

4 

2500 

120.  0 

Inertial  Navigation 

2 

5000 

54.  1 

Air  Data 

2 

2500 

28.0 

Steering 

2 

1200 

13.0 

Mission  Planning 

3 

700 

0.  5 

Sight  and  Designation 

3 

1000 

34.0 

Weapon  Delivery 

3 

5000 

124.  8 

Stores  Management 

3 

1000 

16.0 

Sensor  Control 

3 

300 

28.0s 

Communications 

4 

250 

1.  7 

Service  Routines 

4 

500 

- 

Control  and  Data  Entry 

1 

7000 

4.9 

Display  Support 

1 

1300 

6.2 

CITS 

4 

8000 

- 

Total  (without  redundancy) 

38, 250 

457.9 
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The  next  step  was  to  distribute  these  subprograms  among 
the  four  processors  in  accordance  with  their  function  allocations 
and  a redundancy  factor  (of  2).  The  result  is  given  below. 

Processor  1 executive,  control  and  display 
20,  600  words  and  37.  8 KOPS 

Processor  2 navigation  including  air  data  computations 
17,400  words  and  95.  1 KOPS 

Processor  3 stores  management,  weapon  delivery,  target 
acquisition,  fixtaking 

16,  000  words  and  203.  3 KOPS 

Processor  4 integrated  test,  mission  data  control, 

communications,  power  control,  ECM  control 

22,  500  words  and  121.  7 KOPS 

For  processors  with  a basic  32,  000  word  memory  of  16-bit 
words  [6],  the  constraint  of  maximum  usage  of  70%  of  the  available 
memory  capacity  has  been  met. 

It  should  be  noted  that  processor  and  software  sizing  has 
counted  upon  a central  integrated  test  system  (CITS)  capability. 
Clearly,  the  requirement  can  be  varied  in  magnitude,  depending 
upon  the  specific  system  architecture  and  confidence  requirements 
for  fStilt  detection  and  isolation.  In  obtaining  the  above  estimates, 
CITS  was  assumed  to  include:  preflight  discrete  checks,  inflight 
monitoring  of  function  discrepancies  and  operating  mode,  failure 
warning  and  mode  change  option  displays  for  the  pilot,  data  recording 
for  postflight  analysis,  and  postflight  troubleshooting  sequences. 

Stores  Management 

The  stores  management  and  weapon  delivery  functions  con- 
tained herein  are  primarily  software  modules  in  one  of  the  core 
processor  elements.  They  comprise  extremely  important  CAS 
functions  in  that  the  aircraft  weapons  are  accounted,  controlled, 
and  released  through  this  capability.  This  software  computes 
weapon  release  and  steering  signals,  as  well  as  missile  launch 
envelopes  and  ballistic  data  for  air-to-air  gun  attack  modes. 
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Interface  and  Multiplex  Data  Bus 

The  intent  is  to  achieve  low  acquisition  and  maintenance 
costs.  Based  upon  AFAL  efforts  to  achieve  this  objective,  all 
sensors  will  be  interfaced  with  a time-division  multiplex  data  bus 
developed  in  accordance  with  MIL-STD-1553.  Interface  adapters 
consisting  of  Bus  Control  Interface  Units  (BC1U),  Remote  Terminal 
Units  (RTU),  or  their  functional  equivalents  will  maintain  a "high 
replication  of  modules"  as  a design  constraint.  No  specific  difficulty 
with  practical  implementation  of  such  requirements  for  the  test  bed 
or,  for  that  matter,  aircraft  so  configured  in  the  future  can  be 
foreseen  at  this  time. 

Hence,  it  is  reasonable  to  envision  the  basic  C/D  hardware 
configuration  for  a CAS  aircraft  with  DAlS-configured  avionics  as 
including: 

General  controls  and  displays 

• head-up  display  (HUD) 

• horizontal  situation  display 

• vertical  situation  display  (VSD)  or  attitude  director 
indicator  (ADI) 

• two  (2)  multipurpose  displays  (MPDs) 

• integrated  multifunction  keyboard  (IMFK) 

• two  (2)  multiple  function  control  panels  (MFCPs) 

Interfacing  electronics 

• display  switch /memory  unit  (DS/MU) 

• two  (2)  modular  programmable  display  generators 
(MPDG) 

• digital  scan  converter 

• mass  memory  unit  (MMU) 

With  dedicated  controls  for 

• armament 

• communications 

• master  mode  keyboard  (MMK) 

• power/startup  panel  (P/SP) 

• flight  controls 

Independent,  standby  instruments  are  used  to  provide  basic 
air  data,  engine,  and  fuel  system  parameters. 
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CURRENT  DAIS  DESIGN  CONFIGURATION 


The  current  DAIS  equipments  selected  and  partitioned  in  this 
section  have  been  integrated  with  the  core  elements  to  provide  the 
Current  DAIS  Design  Configuration.  The  results  are  shown  both  in 
layout  form  and  schematic  representation  in  the  following  pages. 

There  are  many  considerations  involved  in  the  layout  of 
avionics  equipment  in  an  aircraft.  Recognizing  at  least  some  of  the 
basic  considerations,  a distribution  of  DAIS  equipment  on  a functional 
basis  within  a CAS  aircraft  is  shown  in  Figure  9.  The  contents  of 
each  bay  and  the  cockpit  avionics  are  itemized  in  Table  8.  With  the 
exception  of  the  IR  jammer,  RHAW  sensors  and  some  antennas, 
most  of  the  avionics  are  located  forward  of  the  engine  to  avoid  any 
heat  and  vibration  problems. 

Table  8 FUNCTIONAL  AVIONICS  FOR  DAIS  CONCEPTUAL 
DESIGN  CONFIGURATIONS 

Forward  Avionics  Bay  Cockpit  Avionics 

• processor  #1  • electronic  display  group 

• BCIU  #1  • special  purpose  displays 

• forward  looking  radar  • display  controls 

• air  data  computer  • mass  memory  unit 

• LTS*  • multifunction  controls 

• FLIR*  • dedicated  controls 

• intercommunication  set  *• 


Lower  Avionics  Bay 

• processor  #2 

• BCIU  #2 

• UHF/ADF 

• UHF  Comm 

• VHF/FM  Comm 

• secure  voice 

• data  link 

• radar  altimeter 

• radar  beacon 


Aft  Avionics  Bay 

• processor  #3  & #4 

• BCIU  #3  & #4 

• INS 

• TACAN 

• ILS 

• RHAW 


*1985  Conceptual  Design  Configuration  only. 
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FUNCTIONAL 


Three  equipment  bays,  each  containing  DAIS  core  and  sensor 
elements,  are  shown  surrounding  the  cockpit.  The  forward  and  lower 
bays  accommodate  those  sensors  which  must  be  directed  forward 
without  any  obstructions  (i.e.,  forward  looking  radar  (FLR), 
forward  looking  infrared  (FLIR),  and  laser  target  seeker  (LTS).  The 
absence  of  engine  inlet  ducts  underneath  the  fuselage  facilitates  the 
placement  of  the  FLIR  and  LTS  housings.  Some  communication 
equipment,  for  which  a minimum  distance  between  antenna  and  re- 
ceiver is  preferred,  is  also  contained  in  the  lower  bay.  The  cockpit 
avionics  area  contains  all  the  control  and  display  equipment. 

The  configuration  depicted  in  Figure  10  represents  the  re- 
lationship between  the  sensors,  multiplex  core  element,  the  pro- 
cessors, and  the  control  and  displays.  Bus  control  interface  units 
(BCIU)  provide  the  interface  control  and  data  transfer  function  re- 
quired to  connect  the  various  processors  with  the  dual  redundant 
multiplex  lines.  A single  BCIU  is  needed  to  connect  one  processor 
with  the  multiplex  line.  Remote  terminal  units  (RTU)  interface  the 
various  subsystem  sensors  and  controls  and  displays  to  the  other 
DAIS  core  elements.  As  is  shown,  the  BCIUs,  RTUs  and  twisted 
shielded  multiplex  lines  comprise  the  multiplex  core  element. 

The  arrangement  shown  depicts  the  probable  number  of 
RTUs.  This  is  based  on  the  signal  handling  capatulities  anticipated 
in  the  design.  Two  RTUs  are  dedicated  specifically  to  control  and 
display  elements  to  interface  sensor  data  from  the  processors  with 
the  various  controls  and  displays.  All  signals  from  the  processors 
to  the  control  and  display  RTUs  are  redundant  to  that  failure  of  one 
RTU  will  not  cause  a loss  of  display  functions. 

A design  goal  for  the  DAIS  C/D  function  is  to  achieve  maxi- 
mum flexibility  and  interchangeability.  This  would  mandate  the  use 
of  multipurpose  displays  exclusively.  However,  limitations  in  the 
area  of  display  generation  technology  require  that  the  current  de- 
sign use  certain  dedicated  displays  currently  in  inventory  such  as 
the  AVQ-7  HUD,  the  AQU-6/A  HSI,  and  the  use  of  an  ARU-21/A 
ADI  instead  of  a VSI. 

■ 
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The  equipments  shown  as  "Sensors"  in  the  figure  represent 
those  front-end  equipments  that  interface  with  the  DAIS  processors. 
In  addition,  a set  of  equipments  has  been  selected  which  interfaces 
via  the  multiplex  bus  (through  additional  RTUs)  with  the  Controls  and 
Displays  without  having  an  interface  with  the  processors.  These  are 
listed  in  Taole  9. 


Table  9 INTERFACING  ELEMENTS  - CURRENT 
SYSTEM  CONFIGURATION 

Source 


Equipment 


ECM 

Chaff  and  IR  Flares 
Camera 

Missile  Launcher 

Gun 

Missile 

AFCS 


Nomenclature 

ALQ-119 

ALE-38 

KB-18A 

LAU-88/A 

GAU-8/A 

AGM-65A 

ASW-30 


Aircraft 

A-7D 

A-10A 

A-7D 

A-10A 

A-10A 

A-10A 

A-7D 


SUMMARY 


This  section  described  the  development  of  a "current"  DAIS- 
configured  CAS  conceptual  design  configuration.  In  each  functional 
area,  the  various  types  of  equipments  were  first  examined  for 
selection*  From  the  selected  types,  specific  subsystems  were 
chosen.  Each  subsystem  was  then  examined  at  the  SRU  subassembly 
level  and  partitioned  according  to  the  DAIS  concept,  into  sensor, 
computer,  control /display.  Power  supplies  were  identified  for 
eventual  incorporation  in  a central  power  bus.  The  resulting  compo- 
nents were  then  re-assembled  into  a "current"  conceptual  design 
configuration  which,  in  the  subsequent  section,  serves  as  the 
reference  for  development  of  a Mid-1980s  conceptual  design. 


V.  1980  DAIS  TECHNOLOGY  PROJECTION  AND 
EQUIPMENT  SELECTION /PARTITIONING 


SCOPE 


This  section  discusses  the  technological  advances  in  avionics 
which  are  expected  to  be  available  for  a mid-1980s  CAS  aircraft.  In 
addition  the  functions  selected  for  the  mid-1980s  and  specific  equip- 
ments to  perform  those  functions  are  included.  Each  of  the  selected 
equipments  has  been  partitioned  and  a summary  of  this  partitioning 
is  also  included  in  this  section. 

CONSTRAINTS 

For  purposes  of  this  study,  availability  is  defined  by  the  pro- 
viso that  a candidate  subsystem  will  be  fully  developed  and  ready  for 
operational  implementation  by  1985.  It  may  well  be  that  certain  sub- 
systems which  are  included  in  the  1980s  DAIS  Conceptual  Design 
Configuration  will  be  similar  or  essentially  the  same  as  subsystems 
in  use  on  aircraft  currently  in  inventory  or  in  advanced  development, 
e.  g.  , A-10A,  F-15A  and  F-16A.  This  is  due  to  the  fact  that  equip- 
ments requiring  extensive  laboratory  effort,  or  which  cannot  be 
expected  to  be  developed  without  a technological  breakthrough,  will 
not  be  considered.  They  fail  to  meet  the  previously  stated  require- 
ment to  be  considered  available  for  this  portion  of  the  study.  Should 
such  technological  breakthroughs  or  other  significant  decreases  in 
development  time  occur,  the  desirability  of  equipments  so  affected 
could  be  evaluated  by  exercising  the  LCC  model  at  the  appropriate 
time. 

APPROACH 

In  order  to  determine  realistic  aircraft  development-cycle 
times  for  the  mid-1980s  CAS  aircraft,  several  fighter  aircraft 
development  programs  were  surveyed.  These  cycle  times  were 
applied  to  the  equipment  selection  constraints  of  this  study;  i.e., 
equipment  that  can  be  operational  (deployed)  in  1985.  The  F-16  pro- 
gram was  selected  as  being  representative  of  b >th  the  current  air- 
craft procurement  philosophy  and  complexity  of  design  and  develop- 
ment. The  first  operational  F-16  wing  is,  as  nearly  as  can  be 
ascertained,  scheduled  for  activation  in  1981.  The  first  prototype 
was  started  iri  early  1973.  This  eight-year  cycle  type  from  the  start 
of  manufacture  of  a prototype  aircraft  to  first  deployment  is, typical. 
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It  is  expected,  however,  that  major  changes  to  the  avionics  suite 
could  be  implemented  up  to  six  years  prior  to  the  first  deployment 
without  severe  impact  on  cost  and  schedule.  Obviously,  minor 
changes  such  as  substitutions  in  individual  subsystems,  could  be 
implemented  further  along  in  the  development  cycle. 

Projecting  these  development  cycle  times  to  the  January  1985 
deployment  date  allows  us  to  establish  definite  limits  for  the  date  by 
which  development  of  the  avionics  must  be  completed.  Therefore,  for 
the  purposes  of  this  study,  only  avionics  which  can  reasonably  be 
expected  to  have  been  developed  by  the  end  of  1978  (six  years  prior  to 
first  deployment)  will  be  discussed  relative  to  anticipated  advances 
and,  in  turn,  be  considered  candidates  for  the  1980s  conceptual  design. 

1980  DAIS  CAS  FUNCTION  SELECTION 

The  technological  developments  anticipated  by  the  mid-1980s 
time  span  detailed  in  this  section  are  not  in  the  direction  of  major 
functional  changes.  Review  of  the  CAS  mission  described  in  Section  II 
leads  one  to  believe  that,  unless  there  is  a major  change  or  break- 
through in  air-to-ground  combat  support,  there  will  be  no  need  for 
extensive  changes  in  the  equipment  functions  over  those  used  in  the 
current  DAIS  conceptual  design  configuration. 


There  are,  however,  some  changes  which  are  discussed  in  the 
following  paragraphs. 

Selection  Rationale  for  New  Functions 

Probably  the  largest  single  problem  associated  with  current 
CAS  aircraft  is  that  of  target  identification  and  location.  Because  of 
the  current  experience  in  this  area,  extensive  efforts  are  being  pur- 
sued and  technological  advances  are  occurring.  Two  systems,  which 
are  beneficiaries  of  such  effort  are  laser  target  seekers  (LTS)  and 
forward  looking  infrared  (FLIR);  these  have  been  selected  for  the 
mid-1980s  CAS  aircraft. 

The  LTS  searches  for  a laser  designated  ground  target.  Upon 
acquisition  of  a target,  the  LTS  tracks  it  so  that  the  gimbal  tracking 
rates  may  be  used  to  derive  range  to  and  altitude  above  the  target. 

The  FLIR  develops  a high  resolution  rectilinear  map  of  the 
infrared  characteristics  of  the  terrain.  This  map,  once  developed, 
is  presented  either  as  an  image  on  a cathode  ray  tube  (CRT)  or  is 
recorded  on  film  for  site/target  location  and  identification. 
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Exclusion  Rationale  for  Mid-1980s  Functions 

Many  of  the  functions  excluded  from  the  current  DAIS  design 
configuration,  such  as  the  LORAN,  HARS,  and  Doppler,  remain 
excluded  from  the  mid-1980s  design  for  the  same  reasons  described 
in  Section  IV.  The  ILLLTV,  which  was  excluded  from  the  current 
configuration  because  of  development  status,  has  also  been  excluded 
from  the  mid-1980s  configuration.  The  reason  for  exclusion  from 
the  1980's  design,  however,  is  that  its  basic  function,  pictorial  pre- 
sentation of  the  terrain /targets,  can  be  done  under  a wider  range  of 
combat  and  weather  conditions  by  a FLIR,  examples  being  haze, 
smoke  and  cloud  layers. 

Angle  rate  bombing  systems  (ARBS),  which  will  be  available 
by  the  mid-1980s  time  frame,  were  also  considered.  Although  an 
ARBS  is  applicable  to  a CAS  aircraft  which  is  not  extensively 
equipped  with  advanced  avionics  hardware,  it  has  been  excluded 
here  because  its  basic  functions  are  being  accomplished  by  the 
FLR,  IMS  and  core  processors. 

The  other  functions  selected  for  the  mid-1980s  CAS  aircraft 
are  identical  to  those  in  the  current  CAS  aircraft  and  are  thus 
described  in  Section  IV. 

ANTICIPATED  TECHNOLOGY  ADVANCES  & EQUIPMENT  SELECTION 

The  following  paragraphs  briefly  describe  the  technological 
advances  in  hardware  development  which  will  affect  the  avionics 
equipment  selection  for  the  1980s  DAIS  conceptual  design.  Selected 
avionics  subassemblies  are  discussed  within  the  appropriate 
functional  area,  either  navigation,  communication,  countermeasures, 
air-ground  attack  or  control /display.  A summary  of  those  advances 
expected  to  be  available  in  time  for  the  Mid-1980s  DAIS  Conceptual 
Design  Configuration  are  shown  in  Table  10. 

Navigation 

Inertial  Navigation 

Many  technological  developments  are  currently  in  progress 
both  in  next  generation  of  current  equipment,  and  in  new  types  of 
equipment.  These  include  the  following: 

• ring  laser  gyro  navigators 

• strapdown  inertial  navigators 

• improved  gimballed  systems 
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Ring  laser  gyro  navigators  require  significant  advanced  in 
technology  to  meet  the  availability  constraints.  Another  limiting 
factor  is  the  size  of  systems  developed  thus  far.  This  type  of  system 
is,  therefore,  not  considered  as  a viable  candidate  for  the  mid-1980s 
DAIS. 

Strapdown  inertial  systems  are  considered  to  be  active  can- 
didates for  the  mid-1980s  aircraft.  Current  experience  with  strap- 
down  systems  is,  however,  largely  limited  to  the  laboratory  environ- 
ment; further  disadvantages  to  be  overcome  are  their  expected 
accuracy  and  high  cost. 

The  next  generation  of  gimballed  inertial  navigation  systems 
also  provides  candidates  for  mid-1980s  DAIS.  These  systems,  using 
improved  platforms  with  dry  or  floated  gyros,  can  be  expected  to 
show  significant  improvements  in  size,  weight,  and  reliability  while 
performing  akin  to  current  equipment.  It  is  expected  that,  given  the 
current  emphasis  on  reliability  improvements  warranties  (RIW), 
failure  free  warranties  (FFW),  etc.,  the  LCC  of  these  systems  will 
be  enhanced. 


The  selected  INS  is  the  ASN-109,  an  advanced  gimballed 
platform  in  use  on  the  F-15A;  it  is  representative  of  the  type  of 
equipment  expected  in  inventory  during  the  mid-1980s.  A backup 
example  would  be  the  advanced  gimballed  platform  currently  being 
prototyped  for  the  F-16A. 

Air  Data  Computer  (ADC) 

It  is  of  little  value  to  project  advances  for  the  ADC  as  a 
discrete  subsystem  for  a DA  IS -configured  aircraft.  The  ADC's 
functions  are  almost  exclusively  computational  and  would  be 
relegated  to  the  processor  with  a dedicated  interface  to  handle 
input  signals  from  the  associated  sensors.  The  data  computations 
would  be  transmitted  to  the  using  sensors  or  displays  through  the 
MUX  bus.  The  selected  unit  is  the  ASK-6  from  the  F-15A;  its 
capabilities  do  exceed  somewhat  those  expected  for  a CAS  air- 
craft in  terms  of  functions  and  accuracies  and  therefore  is  con- 
sidered more  than  adequate  for  this  Mid-1980s  DAIS  Conceptual 
Design  Configuration. 
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TACAN,  ILS,  and  UHF/ADF 

TACAN,  ILS,  and  UHF/ADF  can  be  grouped  for  purposes  of 
discussing  technological  advances.  All  three  equipments  will  see 
decreases  in  weight,  volume,  and  power  consumption  with  increases 
in  acquisition  cost  to  be  offset  by  improved  maintainability  and 
reliability.  The  projected  improvements  will  not  adversely  affect 
performance.  It  is  also  expected  that  these  equipments  will  participate 
in  antenna  sharing  with  the  communication  subsystems. 

The  selected  equipments  are,  respectively,  the  RT-1045/ARN 
TACAN,  The  R-1755/ARN  ILS,  and  the  OA-8639 /ARD  UHF-ADF. 
These  are  all  from  the  F-15A  and  are  representative  of  the  next 
generation  of  "com-nav"  technology. 

Satellite  Navigation 

Current  planning,  if  continued,  will  result  in  the  implementa- 
tion of  a satellite  navigation  capability  such  as  the  Global  Positioning 
System  (GPS).  The  overall  system  is  already  well  defined  and  a 
decision  of  the  satellite  configuration  is  expected  within  the  next 
12  months.  The  system,  as  presently  planned,  will  use  24  satellites 
and  will  operate  in  the  UHF  band. 

Depending  upon  the  actual  configuration  selected  and  the  con- 
sequent capability  provided  by  the  system,  it  may  be  possible  to 
replace  other  on-board  radio  navigation  systems  entirely.  Example 
of  this  are  TACAN,  the  UHF-ADF,  and  perhaps  the  ILS.  It  is 
anticipated  that  GPS  equipment  will  be  available  and  could  be  in- 
corporated in  the  mid-1980s  DAIS  avionics  suite.  The  exact  con- 
figuration and  interfaces  must  await  further  definition. 

Communications 

Expected  advances  in  the  communications  area  can  best  be 
dealt  with  by  discussing  innovations  across  all  the  functional  areas 
to  be  used  in  the  Mid-1980s  DAIS  Conceptual  Design  Configuration 
rather  than  by  each  separate  function.  The  general  trends  in 
electronics  will  manifest  themselves  as  airborne  communications 
move  from  the  tube  and  transistorized  type  equipments  currently  in 
inventory  to  transistorized  plus  integrated  circuits  and  highly  integra- 
ted circuit  equipments  which  are  just  coming  into  use.  Application  of 
MSI  and  LSI  will  yield  smaller,  lighter,  more  reliable  communication 
equipment  which  will  be  primarily  digital  and  highly  automated,  using 
the  DAIS  processors  for  control,  error  detection,  corrections, 
routing,  and  address  processing. 
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It  is  expected  that  more  physical  integration  of  communica- 
tions equipment,  on  a modular  basis,  with  greater  use  of  shared 
antennas,  and  extensive  investigation  into  various  modulation  tech- 
niques within  one  frequency  band  will  be  increasingly  in  evidence. 
These  and  other  developments  in  the  areas  of  communications  in- 
tegration will  result  in  the  development  of  new  integrated  communica- 
tions, navigation,  identification  (CNI)  subsystems,  the  advantages  of 
which  are:  decreased  dependence  on  ground  control,  lessening  of 
line-of-sight  constraints  for  information  exchange,  mutual  position 
status  knowledge  among  many  users,  secure  information  flow,  and 
increased  resistance  to  interference  and  jamming.  Digital  com- 
munication for  command  and  control  in  the  mid-1980s  will  require 
interoperability  between  AWACS  and  DAIS-equipped  CAS  aircraft. 
Consequently,  it  is  anticipated  that  some  type  of  Joint  Tactical 
Information  Distribution  System  (JTIDS)  equipment  could  be  incor- 
porated in  the  Mid-1980s  DAIS  Conceptual  Design  Configuration. 

Again  examining  our  candidates  for  those  which  would  be  re- 
presentative and  available  in  the  proper  time  frame,  the  selected 
equipments  are  ARC- 109  UHF  radio,  ARC- 123  HF  radio,  FM-622A 
VHF-FM  radio,  TSEC/KY-28  secure  voice,  AIC-18  intercom,  and 
ASW-25A  data  link.  The  UHF  is  used  on  the  F-15A,  the  HF  on  the 
F-111A,  and  the  VHF,  secure  voice,  and  intercom  on  the  A-10A. 

The  selected  data  link  is  used  on  the  A-7E. 

Identification  Friend  or  Foe  (IFF)  Systems  in  current  use  are 
a combination  of  transistors  and  integrated  circuits  with  excellent 
weight  and  volume  characteristics.  New  IFFs  being  developed,  and 
just  coming  into  Air  Force  inventory,  have  achieved  approximately 
the  same  weight  and  volume  but  have  increased  performance  capa- 
bilities, such  as  signal  sampling  and  prioritized  response,  at  an  in- 
creased acquisition  cost.  It  is  believed  that  further  performance, 
si^e  or  weight  improvements  are  unlikely  but  reduction  in  cost  may 
be  realized. 

IFF  will  participate  in  any  emerging  communication  integra- 
tion including  antenna  and  frequency  band  sharing.  The  selected  IFF 
is  the  APX-101  which  is  used  on  both  F-15A  and  A-10A. 
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Countermeasures 

The  electronic  warfare  (EW)  area  has  a history  of  dynamic 
technology;  it  is  expected  that  this  rapid  turnover  in  EW  sensors  will 
continue  as  new  threats  are  encountered  and  the  necessary  defenses 
developed.  It  is  almost  impossible  to  predict,  with  any  degree  of 
certainty,  which  sensors  will  be  developed  over  the  near  future. 
Furthermore,  the  direction  that  development  of  ECM  sensors  takes  is, 
for  the  most  part,  not  germane  to  the  purposes  of  this  study  since 
ECM  equipment  will  not  be  DAIS-partitioned.  The  primary  reason 
remains  that  the  computer  processing  requirements  are  quite  dis- 
similar from  those  of  the  other  avionics,  so  that  a dedicated  pro- 
cessor is  required.  Also,  the  other  ECM  equipments  are,  for  the 
most  part,  sensors  which  interface  only  with  the  EW  processor  or 
EW  control  panels,  not  with  other  avionics. 

One  of  several  new  developments  coming  in  EW  is  that  of 
integrated  ECM  resource  management  controls  referred  to  as  power 
management  systems.  In  general,  the  power  management  system, 
based  on  a high  speed  digital  computer,  identifies  and  analyzes 
threat  signals,  prioritizes  the  threats,  chooses  the  proper  jammer, 
and  selects  the  specific  modes  of  operation  and  power  levels  to  cope 
with  the  threats,  and  finally  monitors  the  reactions  of  the  threat 
radars  to  the  selected  jamming  techniques.  This  approach  to  an  inte- 
grated ECM  system  will  increase  effectiveness  and  decrease  demands 
for  pilot  attention  as  well  as  allow  increased  flexibility  in  meeting 
threats  by  allowing  automatic  selection  of  specific  sensors  and  soft- 
ware for  expected  threats  for  a specific  mission.  A by-product  of 
this  development  will  be  a decrease  in  the  ECM  cockpit  control/ 
display  units.  Several  new  aircraft  have  such  power  management 
systems  and  it  is  expected  that  mid-1980s  aircraft  will  utilize  more 
sophisticated  versions  of  these  systems. 

The  ECM  sensors  selected,  then,  are  the  same  group  used  in 
the  current  configuration. 
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Air-Ground  Attack 


Laser  Target  Seeker  (or  Laser  Spot  Seeker) 

Laser  target  seekers  (LTS)  are  just  completing  development 
and  one,  the  AN/AAS-35,  will  be  deployed  in  the  near  future.  Current 
LTSs  are  modular,  contained  in  a pod  connecting  to  a unique  aircraft 
interface  unit,  and  have  a cockpit-mounted  dedicated  control  unit.  The 
electronics  in  the  LTS  pod  are  currently  analog.  The  Mid-1980s  CAS 
aircraft  will  have  a current  generation  LTS  with  possible  reliability 
and  maintainability  refinements.  For  the  purposes  of  this  task,  the 
AAS-35,  which  is  used  on  the  A-10A,  has  been  selected  for  the  mid- 
1980s  configuration. 

Forward  Looking  Infrared  (FLIR) 

Forward  looking  infrared  (FLIR)  provides  excellent  imagery 
at  night  or  in  fog  or  haze  conditions  at  ranges  of  about  ten  miles  after 
being  cued  by  another  sensor  such  as  the  radar.  FLIRs  in  current  use 
are  larger  and  heavier  than  is  desirable  for  our  application.  Future 
developments  will  be  concentrated  on  reducing  acquisition  cost  as 
well  as  size  and  weight.  A modular  concept  is  being  employed; 
separating  a FLIR  into  cooling,  scanning,  optical,  and  signal  pro- 
cessing modules.  This  approach  holds  much  promise  in  cost  re- 
duction and  increased  maintainability  as  well  as  enhancing  potential 
interservice  use  via  commonality  of  modules.  Other  areas  of  improve- 
ment will  include  less  complex  cooling  methods  which  should  have  a 
significant  cost  impact.  Also,  improvements  achieved  in  developing 
FLIR  for  remotely  piloted  vehicles  (RPVs),  such  as  the  use  of  re- 
flective ru*^er  than  refractive  optics  (which  is  the  key  to  an  important 
decrease  in  size  and  weight  with  enhanced  reliability  and  cost),  will 
be  applied  to  aircraft  systems. 


One  area  requiring  development  for  the  CAS  aircraft  applica- 
tion of  FLIR  is  the  pilot's  ability  to  read  the  display.  Thus  far,  FLIRs 
have  been  used  on  multi-seat  aircraft  and  have  been  operated  by  per- 
sonnel who  are  not  responsible  for  aircraft  control.  The  results  of  a 
portion  of  the  Pave  Tack  program  to  modify  their  FLIR  pod  for  the 
single-seat  A-10A  will  have  a significant  bearing  on  the  resolution  of 
this  problem. 


A future  application  of  FLIR  will  be  its  use  as  a target  de- 
signator for  1R  guided  weapons  (either  missiles  or  bombs).  The 
selected  FLIR  is  the  AAS-28,  an  equipment  currently  under  test  on 
an  A-7D. 
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Forward  Looking  Radar  (FLR) 

Improvements  in  forward  looking  radar  (FLR)  for  the  near 
future  will  primarily  include  increases  in  performance  and  reliability. 
Performance  improvements  will  include-,  longer  detection  ranges  and 
improved  tracking  of  low  altitude  targets;  better  detection  of  moving 
ground  targets  in  clutter;  and  multimode  operation.  An  important 
aspect  of  FLR  will  be  to  cue  FLIR  and  similar  sensors  to  targets  as 
they  come  within  the  range  of  these  more  limited  sensors. 

The  F-16A  FLR  has  been  selected  as  most  appropriate  to  the 
fimctional  requirements  of  the  mid-1980s  CAS  aircraft. 

Control  and  Display 

The  advancing  technology  in  avionics  presents  the  aircraft 
crew  with  more  information  than  ever  before  and  more  rapidly  than 
it  can  be  assimilated.  Future  aircraft  will  have  fewer  and  different 
type  displays  to  relieve  pilot  workload  during  critical  stages  of  the 
mission.  The  large  array  of  engine,  hydraulic,  and  electrical  dis- 
plays will  be  replaced  by  monitor-type  displays  (also  known  as  ex- 
ception displays),  driven  by  digital  avionics  from  a DAIS  processor. 
The  digital  avionics  will  monitor  the  systems  and  make  routine 
decisions,  advising  the  pilot  of  the  results  or  presenting  him  with 
alternatives,  via  the  monitor  displays,  as  appropriate. 

The  future  displays  will  also  differ  in  form  as  well  as 
number.  The  current  set  of  CRTs,  control  panels,  knobs  and 
switches  will  be  replaced  with  computer-driven  multipurpose  dis- 
plays (MPDs)  able  to  present  both  imagery  and  symbology,  plus 
integrated  multifunction  keyboards  (IMFKs).  The  implementation  of 
this  functional  integration  of  controls  and  displays  requires  new 
technology  since  CRTs,  the  only  proven  technology  that  currently 
meets  the  requirements  for  speed,  brightness,  bandwidth,  and 
flexibility,  have  several  dis advantages.  These  are:  size  (too  deep), 
relatively  short  life,  high  voltage  requirement,  field  survivability, 
digital-to-analog  conversion,  and  inherent  off-axis  geometric  dis- 
tortion. Several  innovative  flat  plate  displays  are  in  development  to 
fill  the  need  for  multipurpose  displays.  A new  flat  plate-type  CRT 
is  one  such  display  but  its  primary  drawback  is  the  high  voltage  re- 
quirement. Light  emitting  diodes  (LEDs)  offer  promise  but  have  in- 
sufficient intensity  for  all  cockpit  conditions  and  are  costly.  Gas 
discharge  (plasma)  panels  are  another  but  also  lack  sufficient  in- 
tensity. Light  modulators  such  as  liquid  crystals  and  ferroelectric 
ceramic  panels  have  too  slow  a response  time  and  tend  to  be 
temperature  sensitive.  The  most  promising  candidates  for  new 
MPDs  are  improved  flat  plate  CRTs  and,  secondly,  LEDs  with  im- 
proved intensity.  „ 


The  AVQ-20  Head-Up  Display  (HUD)  from  the  F-15A  has  been 
selected  due  to  its  applicability  and  availability  in  the  mid-1980s.  An 
A-10A  HSI  and  ADI  have  tentatively  been  included  in  the  backup 
safety-of-flight  instruments.  The  remaining  selected  elements  are 
DAIS  developmental  items;  the  MPDs,  IMFK,  and  MFCPs. 

An  independent  map  display  set  has  been  replaced,  for  the 
mid-  1980s,  by  an  electronic  map  display  capability  integrated  within 
the  DAIS  Control  and  Display  Subsystem. 

A summary  of  the  selected  sensors  for  the  mid-1980s  DAIS 
CAS  aircraft  are  segregated  into  functional  groups  and  are  listed  in 
Table  11. 

Projected  Computer  Technology 

This  section  discusses  advances  in  airborne  avionics  pro- 
cessors expected  to  be  developed  in  the  next  several  years  such  that 
they  could  be  included  in  the  Mid-1980s  DAIS  Conceptual  Design 
Configuration.  Advances  are  discussed  in  three  areas;  computer 
architecture,  software  development,  and  computer  component 
technology. 

Computer  Architecture 

A brief  summary  of  the  evolution  of  airborne  computers  is  pro- 
vided here  to  better  illustrate  the  anticipated  advances  in  the  area  of 
computer  architecture  for  a mid-1980s  CAS  aircraft.  Early  airborne 
computer  systems  were  a combination  of  analog  computers  and  digital 
differential  analyzers  (DDA)  with  complex  analog-to-digital  conver- 
ters. These  processors  were  of  unique  design  with  inflexible,  hard- 
wired logic  and  had  complex  interfaces  which  were  prone  to  failure. 

A typical  next  generation  processor  system  was  based  on  a rigorously 
organized,  highly  integrated  system  using  a large,  general  purpose, 
digital  computer  and  a parallel  DDA  for  real-time  processing.  The 
computation  speed  and  complexity  of  the  calculations  to  be  performed, 
as  well  as  the  hardware  available,  necessitated  selection  of  a large 
integrated  system.  This  integrated  system  had  disadvantages  brought 
about  by  the  highly  integrated  software  required  and  the  complexity  of 
the  central  processor.  The  integrated  software  was  extremely  difficult 
to  validate  initially  and  had  to  be  entirely  revalidated  after  any 
changes.  Furthermore,  software  changes  involved  redesign  and  ex- 
tensive recoding  after  which  processing  could  no  longer  be  accomplish- 
ed at  the  same  iteration  rate.  The  number  and  complexity  of  operating 
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"1980s"  CONCEPTUAL  DESIGN  FOR  A CAS  AIRCRAFT 


Function:  NAVIGATION 

Subsystem 

Nomenclature 

Aircraft 

INS 

ASN-109 

F-15A 

UHF-ADF 

OA-8639/ARD 

F-15A,  A-10A 

TACAN 

RT-1045/ARN 

F-15A 

ILS 

R-  1755/ARN 

F-15A 

ADC 

ASK-6 

F- 15 

Beacon 

UPN-25 

A-10A 

Radar  Altimeter* 

APN-194 

A-7E,  F-14A 

Function:  COMMUNICATIONS 

UHF 

ARC-109 

F-15A 

HF 

ARC-123 

F-111A 

VHF-FM 

FM-622A 

A-7D,  A-10A 

Secure  Voice 

TSEC/KY  -28 

F-15A,  A-10A 

Intercom 

AIC-18 

A-10A 

Data  Link 

ASW-25A 

A-7E 

IFF 

APX-101 

A-10A,  F-15A 

Function:  COUNTERMEASURES 

RHAW* 

ALR-46 

A-7D, F-4E 

IR  Tail  Warning* 

AAQ-4 

RF-4C 

Function:  AIR -GROUND  ATTACK 

LTS 

AAS-35 

A-10A 

FLIR 

AAS-28 

A-7D  (test) 

FLR 

APQ-(  ) 

F-16A 

Function:  CONTROL  & DISPLAY 

HUD 

AVQ-20 

F-15A 

HSI 

AQU-6/A 

A-10A 

ADI* 

ARU-(  ) 

A-10A 

MPDs 

;'£  <JC 
'i*  'i' 

5,C  5^ 

IMFK 

s{c 

MFCPs 

** 

v 

^Excluded  from  partitioning  (Section  VI) 


**Not  in  "current"  aircraft  inventory  but  development  is  dictated  via 
adoption  of  DAIS  concept 


modes  caused  problems  with  the  integration  of  functions  and  the  large 
number  of  sensors  involved  contributed  to  massive  interface  problems. 
All  of  the  above  led  to  high  logistics  support  costs  and  unacceptable 
reliability  and  maintainability.  The  next  advance  in  computer  archi- 
tecture attempted  to  improve  on  the  integrated  system  concept  by 
simplifying  the  computer  system,  i.e.,  distributing  the  central  processor 
functions  among  separate  computers  organized  by  functions.  This 
approach  is  conceptually  quite  similar  to  the  current  DAIS  computer 
architecture  although  actual  implementation  has  differed.  An  example 
of  implementation  of  this  architecture  would  be  the  Navy's  F-14A 
which  uses  independent  processors  which  were  developed  separately, 
each  with  its  own  software.  Software  validation  and  modification 
capabilities  were  enhanced  and  troul deshooting  of  the  processor  was 
simplified.  The  drawbacks  of  this  approach  are  the  very  ones  that  the 
DAIS  approach  addresses.  Each  processor  uses  unique  hardware  and 
software  which  results  in  high  logistics  support  costs  and  the  need  for 
many  unique  interfaces  and  all  their  attendant  problems.  Further, 
many  hardware  and  software  functions  are  duplicated  within  the 
separate  processors  which  would  be  unnecessary  in  a more  inter- 
active system. 

The  next  phase  is  currently  being  developed,  and  is  imple- 
mented to  some  extent  in  the  Air  Force's  F-15A.  This  new  approach 
takes  advantage  of  recent  developments  in  large  scale  integration  (LSI) 
technology  and  utilizes  microprocessors  with  large  central  processing 
capability.  A microprocessor  module  would  be  dedicated  to  a particular 
sensor.  It  would  perform  all  of  the  sensor-oriented  computations  not 
dependent  on  information  from  other  sensors.  This  would  be  done  in 
parallel  with,  and  independent  of,  both  the  central  processor(s)  and 
other  sensor  microprocessors.  It  is  expected  that  a microprocessor 
module  will  be  packaged  as  a one  card  subassembly  in  the  sensor 
and,  as  such,  would  obviously  have  the  same  interface  as  the  sensor. 
This  approach  precludes  several  of  the  major  drawbacks  of  the  dis- 
tributed system:  the  modular  microprocessors  can  be  updated  with 
minimum  impact  on  other  equipments;  the  interface  problem  is 
simplified;  the  central  processor  complex  is  simplified;  duplication 
of  hardware  and  software  is  minimized.  Further  advantages  include 
the  viability  of  the  modular  software  approach  with  this  concept, 
higher  confidence  built-in  test  (BIT)  (see  CITS  Section  V),  and  the 
inherent  advantages  of  LSI  circuitry:  decreased  size,  weight,  and 
power  requirements  with  improved  reliability  and  maintainability. 

There  should  be  LCC  benefits  employing  the  central  processor/ 
microprocessor  concept.  Although  the  acquisition  cost  of  LSI  chips  is 
currently  quite  high,  expanded  use  of  these  chips  in  industrial  and 
commercial  applications  is  expected  to  reduce  that  cost  to  a reason- 
able level.  oc 


Software  Development 

Software  advances  for  the  near  future  are  expected  to  be  in  the 
nature  of  improvements  and  refinements  to  techniques  in  existence, 
rather  than  the  development  of  new  languages  or  approaches  to  soft- 
ware design.  Software  development  will,  obviously,  be  integrally 
related  to  computer  architecture  as  described  in  the  previous  section. 
It  is  expected  that  the  programming  for  each  microprocessor  module 
will  be  designed  individually  and  that  this  software  will  be  hardwired 
into  the  microprocessor  memory.  This  method  may  be  slightly 
wasteful  in  terms  of  fully  utilizing  the  available  computation  capability 
in  each  microprocessor,  however,  the  cost  per  LSI  chip  should  be 
significantly  less.  The  advantages  of  developing  the  software 
separately  for  each  type  of  microprocessor  module  are  evidenced  in 
parallel  design  and  development  of  software,  simplified  validation  of 
microprocessor  and  central  processor  software,  and  increased  main- 
tainability in  an  operational  environment. 

The  modular  approach  to  software  development  holds  consider- 
able promise  for  controlling  the  historically  troublesome  areas  of 
software  design  and  validation.  This  concept  calls  for  the  functional 
division  of  the  necessary  software  into  specific  modules  under  the 
control  of  an  executive  module.  The  modules  can  be  designed  and 
developed  independently  and  then  tested  and  validated  in  parallel  with 
every  other  module.  It  also  allows  changes  to  be  made  to  one  module 
without  impacting  any  other  modules;  new  modules  can  be  added  and 
old  ones  deleted  without  impacting  the  whole  system. 

The  future  DAIS  software  will  most  likely  be  written  in  a high 
order  language  (HOL)  to  minimize  software  reliability  problems  and 
achieve  maximum  flexibility  in  design  such  that  sensor  reconfiguration 
is  enhanced.  HOL  software  in  general,  is  not  as  efficient  as  assembler 
language  in  terms  of  memory  utilization  and  execution  time. 

Another  aspect  of  the  future  DAIS  software,  which  is  mandated 
by  the  multiprocessor  configuration,  is  that  the  software  will  be 
asynchronous.  Most  conventional  software  is  synchronous,  that  is,  a 
specific  time  slot  has  been  allocated  for  each  task  and  all  tasks  are 
under  the  control  of  a system  clock.  The  synchronous  approach  is  not 
viable  for  a multiprocessor  system  which  requires  interaction  among 
the  processors.  The  LCC  of  asynchronous  software  should  be  accept- 
able in  that  the  somewhat  higher  initial  cost  will  be  offset  by  savings 
in  software  validation. 

Based  upon  the  previously  stated  expectations  regarding  soft- 
ware development,  the  basic  core  processor  requirements  in  terms 
of  both  memory  capacity  and  operational  speed  are  assumed  to  re- 
main valid  and  reasonable  for  the  mid-1980s  time  frame. 
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Computer  Component  Technology 

Three  semiconductor  technologies  are  likely  candidates  for 
the  avionics  microprocessor  chip  set  of  1985.  These  are  metal  oxide 
semiconductor  (MOS),  bipolar  Schottky  transistor-transistor  logic  (TTL), 
and  the  relatively  new  integrated  injection  logic  (IIL).  Of  these,  MOS 
has  superiority  in  size  and  power  requirements,  while  Schottky  TTL 
has  the  edge  in  speed  and  environmental  (high  temperature  and 
radiation)  reliability.  IIL  is  very  new  with  little  production  exper- 
ience and  failure  data.  However,  if  it  becomes  a viable  technology, 
it  will  offer  all  the  good  features  of  Schottky  TTL  with  considerably 
lower  power  requirements. 

Custom  LSI  would  not  appear  to  be  a viable  alternative  to  the 
microprocessor  for  the  1985  avionics  computer  due  to  it's  high  cost 
in  small  lots,  questionable  reliability  without  a long  term  production 
base,  and  inflexibility  to  system  modifications.  Adoption  of  the  DAIS 
concept,  however,  would  create  the  large  procurements  necessary  to 
alleviate  many  of  these  problems.  Flexibility  for  system  modification 
also  rules  against  the  programmable  logic  array  (PLA)  as  a compo- 
nent. The  read  only  memory  (ROM)  will  do  the  same  job  less 
efficiently  but  allow  simple  system  modification. 

Power  Supply 

One  of  the  concepts  which  might  be  explored  further  in  the 
near  future  is  that  of  a central  power  supply  core  element.  Certain 
of  the  DAlS-configured  system's  advantages  are  derived  from  applica- 
tion of  standardization  and  modularity  which,  it  is  believed,  might  be 
extended  to  consideration  of  subsystem  power  supplies.  The  opportun- 
ity exists  to  define  "standard"  types  and  quantities  of  power  to  be 
generated  from  a family  of  power  supply  units;  these  could  then  be 
distributed  appropriately  throughout  the  avionics  system  installation, 
each  configured  to  support  a specific  group  of  functions  or  sensor 
subsystems  by  the  choice  of  modules  contained  there.  An  additional 
capability  could  be  developed  by  their  being  able  to  tie  in  among 
themselves  to  overcome  a.  limited  number  of  subassembly  failures. 

This  step  would  first  require  further  specification  of  the  DAIS 
interface  to  potential  sensor  designers  and  their  application  to  new 
hardware  development  activities. 


87 


CITS 

In  Section  IV,  the  basic  capabilities  of  a CITS,  in  terms  of 
software  sizing,  wer  discussed  briefly.  It  is  believed  that  those 
functions,  as  listed,  will  remain  unchanged.  The  physical  distribution 
of  the  software  modules  and  their  capacity  for  fault  isolation  and 
detection,  however,  should  be  significantly  different. 

With  the  current  DAIS  design,  CITS  software  is  contained  in  one 
of  the  core  element  processors  from  which  it  must  communicate 
through  the  MUX  bus  and  interface  units  with  all  of  the  sensor  sub- 
systems. This  particular  software  module  is  reasonably  complex  and 
includes  functional  operating  mode  priorities,  troubleshooting 
sequences,  as  well  as  basic  accounting  for  discrete  fault  and  mode 
signals.  The  constraints  upon  its  effectiveness  derive  from  its  being 
remote  as  well  as  the  fact  that  it  is  intended  to  contain  many  varied 
troubleshooting  capabilities. 

For  a mid-1980s  conceptual  design  where  microprocessors 
may  be  implemented  as  a part  of  each  sensor  subsystem,  the  oppor- 
tunities for  a greatly  enhanced  CITS  effectiveness  are  readily 
apparent.  The  core  element  processor  containing  CITS  software  can 
have  a much  simplified  problem  to  solve.  Basically,  its  functions  can 
be  reduced  to  integrated  operating  mode  priority  decision  making  and 
accounting  for  fault  indications;  i.  e. , listing  which  LRUs  should  be 
removed  at  postflight  maintenance.  Beyond  that,  the  core  element 
software  will  also  serve  as  an  intermediary  for  initiating  trouble- 
shooting sequences  which  ought  not  to  be  automatic  due  to  their  de- 
grading effect  on  weapon  system  operation. 

The  fault  detection  and  isolation  capabilities  can  now  be 
packaged  with  the  related  sensors  in  such  a manner  that  each  trouble- 
shooting module  is  confined  to  one  sensor  subsystem  where  its  com- 
plexity is  a function  of  that  sensor  designer's  knowledge  of  required 
sequences.  False  or  misleading  failure  indications  will  be  less  in 
evidence  due  to  replacement  of  the  lengthy  interface  sequences 
between  core  element  and  sensors  as  well  as  elimination  of  the  in- 
evitable tradeoffs  for  core  element  computer  space  performed  by  a 
third  party  not  as  competent  in  each  sensor's  requirements,  obviously, 
as  its  designer. 

It  is  believed  that  this  modification  to  CITS  implementation 
could  be  accommodated  for  the  Mid-1980s  DAIS  Conceptual  Design 
Configuration  and  is,  therefore,  included  there. 
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Interface  and  Multiplex  Data  Bus 

For  the  interface  area,  it  is  anticipated  that  the  functional 
capabilities  of  the  BCIU  and  RTU  will  be  accommodated,  to  varying 
extents,  within  the  particular  processor  or  sensor,  ranging  from  very 
little  to  fully  integrated.  The  degree  of  such  adaptation  will  depend  more 
on  economics  and  management  preference  than  technological  capability. 

For  the  data  bus,  light  interface  technology  was  considered  as 
a potential  replacement  for  the  current  implementation.  Capability 
for  both  noise  rejection  and  wide  bandwidth  are  definite  advantages. 

To  the  contrary,  however,  present  limitations  on  coupling  (8  maxi- 
mum for  fiber  optics  versus  33  maximum  for  a MIL -STD-  1553A  bus) 
and  the  thermal  constraints  posed  by  the  physics  of  diode  materials 
make  serious  consideration  for  the  mid-1980s  inconsistent  with  the 
ground  rules  of  this  task.  With  those  problems  alleviated,  the 
potential  advantages  of  light  interface  technology  will  certainly  merit 
re-evaluation  at  a later  time. 

Partit  ioning 

Approach  to  and  Exclusion  from  Partitioning 

The  approach  to  and  the  exclusions  from  partitioning  are  the 
same  for  the  mid- 1980  equipments  as  applied  to  the  current  equip- 
ments. Rather  than  reiterate  that  discussion,  please  refer  to  Section  IV 
for  partitioning  approach  and  exclusions. 

1980s  CAS  Avionics  Partitioning 

A summary  of  the  selected  Mid- 1980  avionics  suite,  partitioned 
to  the  subassembly  level,  is  contained  in  Table  12.  This  table  is  sub- 
divided into  the  five  functional  groups:  navigation,  communication, 
countermeasures,  air-ground  attack,  and  control  and  display. 

Within  each  functional  group,  the  specific  equipments  are 
subdivided  by  line  replaceable  units  (LRUs).  The  functions  of  each 
subassembly  have  been  partitioned  as  described  in  the  previous  para- 
graph. Table  12,  "Mid-1980s  Avionics  Partitioning",  also  contains  a 
catalog  number  (cat.  no.  ) for  each  equipment,  which  provides  a cross 
reference  to  the  summary  sheets  (see  description  of  backup  data 
package  in  Section  III)  with  further  details  on  each  equipment.  Those 
equipments  which  have  been  excluded  from  partitioning  have  been  in- 
cluded in  the  table  for  the  sake  of  continuity  and  are  designated  "NA". 
As  in  Table  4,  this  tables  does  not  include  amounts,  couplers,  or 
antennas  of  a simplified  nature,  nor  does  it  include  any  computer  LRUs 
whose  functions  are  entirely  accommodated  by  the  DAIS  processor 
elements.  89 
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Table  12  MID  1980s  AVIONICS  PARTITIONING 


DISCRETE  OUTPUT 
PARALLEL/SERIAL  CONV. 
FREQ./DIGITAL  CONV 
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Table  12  MIO  1980s  AVIONICS  PARTITIONING 


Mid-1980s  DAIS  Conceptual  Design  Configurations 

The  mid-1980s  DAIS  equipments  selected  and  partitioned  in 
this  section  have  been  integrated,  using  the  core  elements  detailed 
in  the  backup  data  package  to  complete  the  Mid-1980s  DAIS  Concep- 
tual Design  Configuration  illustrated  in  Figure  11.  The  layout  of 
equipment  in  the  aircraft  is  that  shown  in  Figure  9. 

The  relationship  of  the  BCIUs  and  the  RTUs  remains  the  same 
as  in  Figure  10  which  conveyed  the  necessary  interface  relationships 
with  the  multiplex  data  bus. 

The  displays  have  been  modified  to  show  the  head-up  display, 
vertical  situation  display,  and  horizontal  situation  display  as  data 
outputs  from  the  display  switch/memory  units  which  are  used  to 
drive  the  CRT-type  displays. 

Two  new  subsystems  have  been  added  to  the  mid-1980s 
design  and  these  are  indicated  by  the  dashed  lines  around  the  LTS 
and  FLIR  subsystems. 


Certain  selected  equipments  interface  only  with  the  DAIS 
Controls  and  Displays  through  a separate  RTU.  Since  these  equip- 
ments do  not  interface  with  the  processors  they  are  not  shown  in 
Figure  11.  These  equipments  are  listed  in  Table  13. 

Table  13  INTERFACING  ELEMENTS  - 
1980s  SYSTEM  CONFIGURATION 


Equipment 

Chaff  & IR  Flares 
ECM  Pod 
Camera 

Missile  Launcher 
Gun 

Missile 


Nomenclature 

ALE-38 

ALQ-119 

KB-27A 

LAU-88A 

GAU-8/A 

AGM-65A 


Source 

Aircraft 

A-10A 

A-10A 

A-  10A,  F-  15A 
A-10A 
A-10A 
A-10A 
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Use  of  DAIS  Conceptual  Design  Configurations 

The  conceptual  design  configurations  developed  in  this 
report  serve  as  a baseline  definition  of  functional  requirements 
and  representative  equipments  for  the  possible  DAIS  operational 
applications.  They  will  serve  as  a basis  to  derive  data  for  the  re- 
maining tasks  in  the  DAIS  LCC  Study.  The  next  major  task  in  this 
study  will  be  to  conduct  an  integrated  maintenance  task  analysis 
(MTA).  The  objective  of  the  MTA  is  to  quantify  the  human  re- 
sources and  support  equipment  (SE)  required  to  achieve  specified 
levels  of  mission  effectiveness.  To  accomplish  this  objective,  sub- 
system reliability  for  the  chosen  equipment  has  also  been  determined. 

The  approach  to  the  determination  of  subsystem  reliability 
consisted  of  three  steps.  First  a reliability  and  maintainability  (R&M) 
and  support  equipment  (SE)  data  bank  for  the  current  selected  (i.e., 
non-DAlS)  CAS  avionics  suite  was  established  prior  to  partitioning. 
The  reason  for  this  starting  point  is  twofold:  (1)  it  provided  a means 
for  generating  an  LCC  estimate  for  a non-DAlS  avionics  suite  which 
can  be  used  for  comparison  with  the  DAIS  LCC  estimates  and  (2)  it 
provided  a means  for  utilizing  meaningful  historical  data  in  fore- 
casting R&M  parameters  for  the  DAIS  Conceptual  Design  Configura- 
tions. Data  sources  included:  66-1  data  products,  T.O.s,  field 
surveys  and  manufacturers'  information. 

The  second  step  consisted  of  partitioning  the  R&M  factors 
along  the  same  physical  lines  used  in  separating  the  SRUs  of  an  LRU 
into  sensor  or  core  elements  as  was  done  in  the  Current  DAIS  Con- 
ceptual Design  Configuration.  Basically,  the  DAIS  architecture  was 
overlayed  on  the  current  avionics  R&M  factors  to  identify  which 
factors  were  to  be  transferred  from  sensor  to  core.  When  LRUs 
were  partitioned,  engineering  analyses  were  conducted  to  establish 
new  R&M  factors.  Using  this  partitioned  data,  then,  the  R&M  and 
SE  requirements  were  developed  for  the  current  configuration. 

The  final  step  consisted  of  establishing  R&M  factors  and  SE 
requirements  for  the  Mid-1980s  DAIS  Conceptual  Design  Configura- 
tion. Starting  with  the  current  DAIS  R&M  parameters,  a second 
partitioning  process  was  applied  to  reflect  technology  projections. 
Additional  engineering  analyses  were  conducted  to  determine  the 
impact  on  R&M  and  SE  requirements  of  new  equipment  selections 
and  increased  exploitation  of  CITS  capability. 
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Results  of  the  R&M  analyses  will  be  included  in  the 
computerized  data  banks  (future  contract  deliverables)  which  will 
contain  the  results  of  maintenance  task  analyses  on  the  two  DAIS 
conceptual  design  configurations. 


SUMMARY 

This  section  first  described  the  direction  and  apparent  trends 
in  advancing  technology  for  each  of  the  major  avionics  functional 
divisions.  The  anticipated  changes  were  set  against  their  estimated 
schedule  of  availability  in  order  to  define  those  advances  which  could 
be  considered  for  a Mid-1980s  DAIS  Conceptual  Design  Configuration. 


In  each  functional  area,  the  relevant  types  of  equipment  were 
examined  for  selection  or  exclusion  and  then,  for  the  selected  types, 
specific  subsystems  were  chosen  from  those  expected  in  inventory  in 
1985.  Each  subsystem  was  examined  at  the  SRU  level  and  partitioned 
appropriately  to  the  DAIS  concept.  The  resulting  components  were 
then  re-assembled  into  a composite  mid-1980s  conceptual  design.  The 
design  configuration  is  specified  in  sufficient  detail  to  support  sub- 
sequent maintenance  task  analyses,  the  development  of  realistic 
acquisition,  operation  and  support  costs,  as  well  as  the  development 
of  suitable  maintenance  manpower  training  techniques  and  criteria. 
The  avionics  subsystems  were  treated  as  modules  in  order  that  the 
resulting  configuration  would  facilitate  the  performance  of  tradeoff 
analyses  during  the  conceptual  phase  of  the  systems  acquisition  pro- 
cess. The  LCC  modeling  system  which  is  the  final  product  of  DAIS 
LCC  Study  will  be  the  vehicle  for  such  tradeoff  analyses. 
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